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EDITOR’S NOTICE. 


I MUCH regiet the scanty proportions of tins Number, due 9 f 
course to the falling off m the number ot ai tides contributed, and 
hope that my diawer may be soon replenished, that the full quantity 
of matter may be made up to Subscribers m the nest Numbei. 

It would be a great pity if the Series came to an end, and I take 
^his opportunity of calling on all old Subscnbeis and many new 
-ones to step in to the rescue. 

At the request of Captain Wilberforce Clarke, R.E., I have to 
draw attention to the fact that the conclusion in his Article No. 
CCLXXII., that the effect of brakes was greatest when the wheels 
were skidded, was the result of data furnished in the Report of the 
Royal Commissioners on Railway Accidents for 1877 ; but that now 
the moie recent and exhaustive experiments, the results of which 
were recorded by Captam Galton, in a paper read before the Insti- 
tution of Mechanical Engmeers at Paris in June last, of course 
outweigh the foimer ones, and it appears that the popular notion 
of the retaiding effect of brakes being greater when the wheels 
are just on the point of being skidded,^ than when they are actually 
skidded is correct. 
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CANNING COLLEGE, LUCKNOW. 

By J. a. Willmore, Esq, C.E., Sxec. 'Engineer. 

The Canning College, so named in honour of the late Lord Canning, was 
huilt at the expense of the Taluqdars of Oudh as a place of education 
for their sons and for the sons of othei high class natives 

The foundation stone was laid on the 13th November 1867, by Sir 
John Lawrence, the then Governoi -General, the usual corns &c were 
placed m the stone which is situated under the floor of the tower on the 
west side of front portico The design first accepted in 1866 was subse- 
quently rejected and fresh designs invited, the design ultimately accepted 
and earned out was prepared by Tika Bam, Head Diaftsman in the office 
of the Engine er-in- Chief, Bajpntana State Eailway, and was published 
with the proposed Specification in No. 22 of Vol. Y. of the Eoorhee 
Professional Papeis on Indian Engineering for October 1876 

The architectural features of that design have been adhered to, but 
owing to the designer not having supplied detailed working drawings, 
and ftom other causes, very many alterations have been made in the con- 
struction, as the following shoit description of the finished building will 
sho^ 

accommodation provided consists of an Examination Hall 95' X 45', 
(th^^iginal length haring been leduced by 5 feet to allow of the east 
end wall .being thickened to act as an efficient abutment to the elliptical 
portiomjf the arched roof,) a Library 51|' x 29', and two rooms 24|'x 2.3^'’ 
for the Principal and office; on the east of the Examination Hall, 
theie are two rooms 22^' X 241' for Native Professors and Graduates, 
1 B 
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and tvfo rooms 23' x 24 1' one for European. Professors, the other for a 
class room , on the noith side of the central corridor, there are seven class 
rooms, two 29^' X 35^', one 29' 1" X 35|-', and foni 25' 51* X 35|' • 
there are also two corner rooms 11' X 11', and two 13' X 13', and two 
small octagonal rooms in the front towers 

Giound was first broken in October 1876, and the workentuely com- 
pleted m November 1878 

The soil on which the building stands was found to consist of some 
two feet of mbbisb, the remains of the for nier old buildings, and belo’tv 
that of sand, the foundations thronglil-^u the building are carried down 
to a depth of 8 feet, the lower 7 feet consists of concrete composed of 
65 parts of brick ballast, 21 paits of surkhi and 14 parts cf kankar 
lime , the lime for this and the whole of the work being burnt on the 
spot, the concrete after being thoroughly mixed on a platform was spread 
in 6 inch layers and rammed with ordinary iron rammers till quite h,s,vd» 
The upper one foot is of 1st class biickwoik, this and the brickwork 
throughout the building, except in inner cross walls, where 2nd class bricks 
were used, is of 1st class bricks set in English bond, in mortar composed 
of equal parts of fresh kankar lime and snrkhi. 

The plinth is 4^ feet high, and inverts are given under the arches of . 
the Exammation Hall to equalize the pressure on the foundations , this 
provision was not made in the design. On the top of plinth a damp course 
of asphalte f-inoh thick was laid. 

The superstructure, which with the exceptions hereafter mentioned, is 
entirely of brickwork, was carried up evenly throughout the whole build- 
ing and kept thoroughly wet until completed. 

The roofs of upper and lower verandahs and corridors are not made as 
in original design, but consist of segmental arches of 9 feet span and 2^ 
feet versine , the span of arch is made less than width of veiandah by 
bringing the arch forward on to the cornice, the arches are 9 inches thick, 
and the spandrels up to level of extrados are filled in with concrete com- 
posed as foi foundations, the thiust of the arch is taken by wrought-iron 
bars each 3" X f" tied together at 8 feet intervals by bolts 1 inch diameter. 

The roofs of Library and all rooms, except Examination Hall and 
turrets, are of brick arches turned between girdeis, the arches are 4^ inches 
thick at crown, and 9 inches at the haunches, the spandrels up to level of 
tops of girders are filled in with concrete composed as for foundations, 
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and the v?hole of the outei roofs are covered with a layer of terrace 
having a good slope outwards , the finished thickness of terrace averages 
4 1 inches, and is composed of 4 parts buck ballast and coarse suikhi and 
I of fresh lime, these mateiials were thoroughly mixed and spiead on 
the loof to the requited thickness, then beaten till quite hard, a layer of 
fine mortar mixed with gur was then given, and the whole surface finished 
off by being well rubbed over with castor-oil. 

The girders for these roofs are entirely of wrought-iron, and were made 
on the spot Fonthe Library and three largest class rooms they are 2 feet 
deep with webs :i-inch thick and flanges of double 4" x 4’ x f " L-irons ; 
for other rooms they are 2 feet deep with webs ;|-inch thick and flanges 
of double 3" X 3* x L-irons , for small porches they aie 15 inches deep 
with |-inch webs and flanges of double 2" x 2'' x L-irons , the girders 
are designed so that the load on them mdnces a strain on the flanges of 
less than 5 tons per square inch of effective section , where necessary to 
withstand the thrust of end arches as in porches, &c., bars were built into 
the walls and secured to the nearest girder by iron bolts The girders, 
bolts and all iron-work received two coats of paint before being fixed m 
position. 

The Library roof in original design was arched, and caused a very un- 
sightly projection in the lineof front parapet. The alteration from a single 
arch, to arches between girders, while impiovmg the appearance of the 
front elevation, necessitated some provision for lighting in place of the 
end cifculai lights ; this is given by a sky-light 21|' x 6' placed in the 
centre of the Library roof. To take the thrust of the roof arches at the 
ends of the space left for sky-light, strut girders are given between the 
four centre mam girders with webs ^-mch thick and flanges on one side 
only of 4 :" X 4 " x L-iron, these are nvetted to mam girders by j^-irons 
^ ^ F Round the top of the rectangular space thns formed 

and bolted to the top flanges of girders is a sill of sal wood 8''' X 4'^ into 
which the uprights of sky-light are fixed , the sides and ends of sky-light 
have glazed sashes working on pivots The roof, winch is carved, is covei- 
ed with 1-inch planks tongued and grooved and painted with three coats of 
oil paint, and over this corrugated iron No. 18 BWG carried well out over 
ends and sides. The inside of sky-light and wells formed by main and strut 
gilders are painted a dead white, and a very good light has been secured 

The loof of Examination Hall, which in onginal design is a segmental 
3 
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aich With elliptical ribs, has been made elliptical throughout, the span 
of plain portion being 45 feet and of ribs 43i feet, these latter are L- 
posed in pairs immediately ovei Coimthian pilasters The east end of 
roof which IS elliptical m plan is domed to meet the straight portion The 
whole of the arching springs at a height of Sl^ feet above floor level and 
has a versine of 15 feet The thickness of plam poitions of roof is 14i 
inches at crown, increased to 221 inches at haunches , where the ribs occur 
these dimensions aie inci eased by 9 inches 

The arch was bajt on a Hindustani centre snppoited by pillars of brick- 
in-mud placed about 8 feet apart, the exterior of centre was woilced rough- 
ly to shape and finished with lime moitar, the tine shape being obtaiLd 
by use of teinplete made for the pnipose, the aich was built in lengths 
of 15 feet, so that each joint comes between a pair of ribs The whole roof 
was bnUt and keyed m 16 days, being completed on the 28rd June 1878 
there was some little delay mgetting the backing up to the required height’ • 
and the oenteiing was not wholly struck until the let August. Levels taken 
at 10 feet intervals along the top of aioh just after keying up and after 
centres were wholly straok, showed the maximum settlement to be 0-1 foot 
and muumum 0 05 foot, the mean being 4|.inch. In the straight poitioii 
of the roof the thrust is taken by i" x 4" x |" L.,„ns placed 6 feet 
above sprmging and connected by tie-rods Ij-inch diameter placed U 
feet apart. The spandrels are filled with concrete as for foundations,' 'and a 
3 inch layer of terrace is given over the whole. 

The floom throughout the building are ot Mirxapore stone'slabs 
rammL^ ^ “ 2 inches of lime mortar over bnofc rubbish carefully 

The central rectangular and comer turrets have Mirnapore stone pil- 
lars and Imtels, the arches between the pillars are cut in 4-inoh stones 
which are let 2 inches into both pillars and Untels ; the joints are set in 
Jne hme mortar, and the lintel atones are held firmly together by iron 
cramps run in with sulphur, the pillar bases and caps L secnfed by 
mrtical iron dowels also ran m with sulphur The roofs and work above 

thrust bands of 4» x f" iron being bmlt in oft* £00^7“'^ 

spnngmg, round these comer turrets ^ Heet above 

supported on stone brackets 2 mcb. thiok, thesTbrS^jetn::: 
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and are built 2 feet into the wall ; there is no weight on the portion built 
in except the stone flagging, so to prevent any chance of tilting an iron 
rod |-inch diameter was passed thiough them all at the centre of their 
depth, and at a distance of ^ feet in from the face of the wall, this 
rod IS embedded in brickwork which comes up flush with the tops of the 
brackets. 

The two small tuirets in front and the four minarets are entirely in 
1st class brickwork. 

The steps aie of brickwork with treads of Mirzapore stone 2 inches thick. 

The projecting windows in front coiner towers are earned by brick 
corbels, and a capping sill of stone 6 inches thick cut to the shape of the 
window on the outside and carried through so as to be flush with inside 
face of wall 

The whole building inside and out, except the interior of Examination 
Hall, is plastered with a thin coat of sand plaster, composed of 1 part 
stone lime, 1 part kankar hme, and 2 parts clean Goomtee sand, ground 
together in a mortar-mill and laid on in the usual mannei , all mouldings 
and ornamental work were executed m brickwork as closely as possible to 
the finished shape so as to reduce the thickness of plaster to a minimum. 
- - The exterior of the building and interior of end and back Terandahs 
and porches are left of the natural colour of the plaster, the ornamental 
" work having a ground of pale neutral tint , the class and other rooms 
.except Examination Hall, are coloured light blue, the roofs and cornices 
being white; the central conidor, lowei front Terand&h and both upper 
-Verandahs are entirely white, so as to throw as much light as possible 
^ into the Examination Hall, which receives its light through them. 

The Examination Hall is plastered throughout with white plaster 
polished to imitate marble, the rough coat is composed of eijual parts of 
surkhi and fresh kankar lime, this is covered with a thin coat composed 
of white hme and powdered Jubbulpore soap-stone worked m and rubbed 
bp to a fine polish. 

The upper verandahs are reached by two spiral stair-cases formed in 
the east end wall of Examination Hall , they are 9 feet diameter vfuth a 
newal feet diameter, giving a clear width of step of 3 feet 9 inches, 
centre width of tread is 1 foot 2^ inches, and rise 8 inches , the steps and 
rises are of Mirzapoie stone, the former 4 inches thick with a moulded 
nosing, the latter 2 inches ; the-south stair-case is continued up to the roof 
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walls, in addition to the gla d IfnanTd ‘>>0 

fitted with teak Venetians ^ d™™ays are 
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rendering it insignificant, this was foreseen, but unfortunately the founda- 
tion stone had been laid and the Taluqdars objected to any othei site 
The total cost of the building was Bs. 1,73,299, or Es. 5 per square 
foot of plinth area, the details of the cost are given in the abstract attached. 

The building was formally opened on the 16th November 1878, by Sir 
George Couper, Bart , Lieut -Governor of the N -W. Piovmces and^Chief 
Commissioner of Oudh, having been almost exactly two years in construc- 
tion. 

Abstkaot, 


QuEintity 

Item. 

Rate. 

Per 

Amount. 

c ft 




BS. 

125,396 

Earthwork, .. 

3/- 

®/oo C. ft 

376 

45,119 

Earth filhng, .. . . . 

2/8 


113 

174,752 

ft- 


524 

30,046 

Dismantling old brickwork, 

’/q » 

800 

97,720 

Concrete in foundation, 

10/. 


16,635 

9,896 

Brick easing in clay, . . 

12/. 


1,188 

11,197 

Pakka brickwork in fonndations, . . 

24/. 


2,687 

37,317 

„ „ plinth, . 

24/. 


8,966 

1,608 

Mds. 

„ „ inverts, 

26/- 

» 

419 

5 

8. ft 

Hoop iron for bonding , , . . . . 

15/. 

Md. 

76 

' 8,663 

Asphalte, .. .. ». 

10/- 

»|o s ft 

866 

" ‘ 109fr27 

1st class bnckwork in superstructure, . . 

24/ 

„ c. ft 

26,334 

4,334 

, '’Sb,689 

2nd „ „ 

1 1st „ dismantled and rebnilt, 

21/. 


. : ^77 

11/8 

26/- 


20 

*■ ’'*1,669 

Arch bnckwork, .. .. 


1,739 

1,134 

„ „ 2nd class, 

23/- 


261 

18,940 

Koof arches, . . . . . . 

26/- 


4,924 

9,688 

Moulded bnckwork, , . . . . . 

86/- 

' 

8,391 

9,796 
s. ft 

Concrete in spandrels, . . . , , . 

16/- 

« 

1,567 

29,941 

Terrace roofing, . . . . . , 

14- 

“|o 8 ft 

4,192 

134,048 

Sand plaster, . « . . . . 

31 - 

n 

4,021 

38,174 

Moulded plaster, . .. .. 

6/8 

St 

2,481 

1,176 

16,797 
c ft 

Moulded and glazed plaster, . . 

7/. 

» 

-90 88 
cwt qra. lbs 

Wooden bricks, .. 

3^8 

c. ft 

318 

1,014-2-24 

Icon girders, ., 

21/- 

22/8/- 

cwt. 

21,309 

179-0- 0 
s. ft 

„ ties and back plates, .. 

» 

4,029 

31,903 

Stone flooring, 


“■/o S. ft 

11,166 

9,872 

Cornice slabs, . . . . «• 

Carried over, 

33|- 


3,258 

1,26,657 
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Quantity, 


c. ft 
1 , 309 ^ 
4671 
198 
611 09 
B ft 

6,681 58 
1,660 
2,449 97 
32 76 
14.71 
116 80 I 

3. ft 
312 
30 
No 

15 

2 

4 

c ft 
68,016 
5,781 
12,889 
No, 

14 

c. ft 
6,289 
r.ft. 


Fair dressed ashlar. 

Plain ashlar, . . 

Monlded ashlar, , [ 

Teak chowkuts, [ * 

1^ doora and windows, 

2" Venetians, ” ** 

Sky-hght frame, 

I )t planking, 

I » glazed windows, 

Corrngated iron, 

Sheet zinc, . . 

Polished brass fimals, .. 


Brought forward, 


75 

s ft, 
1,73,687 

owt qra lbs 
21- 3- 20 
204 
682 
c. ft, 

612 
86 72 
678 
1,289 
46 


1st class brickwork upper story, 

» » « arch-work, 

» w roof arches, 

Venetians, . • , , 

Concrete m spandrels, . , 

Raihnga to JExamination Hall, 
White and colour washing, 

Concrete in steps, * 1 

Moulded brickwork. 

Moulded ashlar. 

Concrete in spandrels. 

Arched roof biickworfc, 

Total Enpees, 


3/. 

2/8 

4/- 

4/8 

1/6 

1/8 

1/6 

3/8 

48 

1/4 

./4/. 


50/- 

7sj- 

26/- 

271- 

27/- 

1 /- 

161- 

1/10 

-IS}- 

22/8 

let 


'/o C ft 

each 
7o c. ft 
foot 

9 B. ft i 

cwt. 

’/o s. ft 


7o c ft 


1,25,667 


1,169 

792 

2,760 

7,812 

2,491 

3,369 

116 

66 

146 

144 

7 

450 

100 


16,084 

1,661 

3,480 

U 

1,006 

122 . 

651 

493 

6 

109 

214 

143 

108 
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INDIAN RAILWAY TRAFFIC, 
No 2 


By Col J G. Mkdley, R E , Consulting Engineer to Government 
for Guaranteed Railways, Lahore, 


Isr a paper on Indian Railway Tiaffic which I contnbnted to the Eoorhee 
Piofeasional Papers m the month of January 1876, 1 propounded vari- 
ous ideas on Indian Railway Tiaffic, some deiived from my experience 
of Ameiican hues, otheis simply from general consideiations such as 
natuially presented themselves to an outsider unconnected with Railway 
management 

Since that period, I have had neaily two years’ experience of the 
practical working of the Indian Railway system, and it may be useful 
to record how far I have had to modify my ideas, or have succeeded in 
carrying them into piactice, and what additional infoimation on the 
subject I have derived from practical expeiience 

‘ I The first point to which I drew attention, in the above paper was 
the importance of low imssenger fares on Indian lines, and as further 
experience has fully confirmed this view, I cannot do better than sum- 
marize the reasons which have led me to this conclusion m the case of 
the 3rd class traffic, which forms more than -j^ths of the whole. Those 
xeasons are bmefiy as follows 

1. Because the Talue of money in India is at least six times as great 

as HI England, or, what is the same thing, the people aie six 
times as poor, so that the piesent lates, though low as com- 
pared with English standaids, aie m leality very high for India. 

2, Because the numbers of people that still tiavel by load on foot 

are strong proof of this, 

9 
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3 Because passengers can be earned more cheaply than goods, and 
even at one pie per mile would pay better * 

4. Because as trams now run half empty, double the number of pas- 
sengers could be carried for the same cost But if the rates 
were halved, the increase in numbers would be very much greater 
than double, and a large profit would accrue on this increase. 

5 Because the number earned per mile on the Punjab Northern State 

Railway being more than double the number carried ou the East 
Indian Railway, the fares being nearly as 1 . * 2, is a strong 
proof of this, especially when the population of the two provinces 
is compared. 

6 Because the experience of other lines, both Indian and English, is 

conclusive m favour of very low fares. 

7. Because the cost of haulage to the Railway is no concern of the 
passenger. If the passenger cannot be carried cheaply, he will 
not travel at all. If the Railway cannot cairy below a certain 
rate at a profit, it should look for its total profit to the extra 
numbers carried, and not to increased rates. 

With regard to 1st and 2nd class fares, I may here quote an extract 
from a note on this subject written last year • — 

“ I am certainly of opimon that the Ist class fares at present charged 
are too high in proportion to the 2nd class The difference is so great 
that I know it practically drives a great many into the 2nd class (such 
as Officers in the Army) who would otherwise travel 1st. 

• I'uJl Loads— at lowest rates 

Tare -weight of Srd class carriage, . . 

Fifty pasBengers, at 16 to the ton, 

Beoeipts for one mile, at 1 pie. 

Taro weight of a goods wago-n, 

Weight of load, 

Eeoeipts for one mile, at 6 J piss per ton, 

Loads actually carried— at pi esent rates 
Weight and load of Sid class carnage as actually carried, 

Actual receipts for one jnile. 

Weight of goods wagon and load actually earned 
Actual reoeapts for one mile. 


Tons 
C'48 
812 
9 60 

BS. A P 
0 4 2 
Tons 
6 
8 


14 



Tons, 

7 78 

BS A P 
0 4 1 
Tons 
9 03 

BS A P 
0 2 8 
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“The present Ist class rate is double that charged on the Punjab 
Northern State Railway I do not say it is pe/i se too high a charge, the 
rate (2^(i a mile) being about that charged on Enghsh Railways, while 
the value of money is only about one-half (to the European) what it is 
in England , that is, an Englishman out here ordinarily expends a rupee 
where he would expend a shilling in England On the othei hand, the 
average distances travelled are certainly moie than double, I should say 
«iuite four times as long, and, if so, this would show that the State 
Railway rate is about fair. 

“ I do not think the 2nd class rate can be raised, there is a laige 
and increasing ‘ 2nd class ’ European population in this country, with 
whom the value of money is practically about what it is in England, t e , 
with whom eight annas represent a shilling, and who certainly cannot 
afford to pay more than the present rate (l|d) Indeed with the longer 
average distance to be travelled, I am decidedly of opinion that a further 
redaction would lead to a considerable increase of traffic with this class. 

“Taking everything into consideration, I think the difference be- 
tween the 1st and 2nd class rates should be from 33 (for long distances) 
to 50 per cent, (for short distances) (instead of 100 per cent, all lound 
as it now is), and, that the 2nd cUss rates should be reduced from nine 
pies to SIX pies per mile. This would make the Ist class rate eight to 
nine pies per mile 

“ For the present at any rate, and as a step in the right direction, 
I would reduce the 1st class fares 50 per cent, (i, e , from 18 to 12 pies), 
leaving the 2nd class unaltered ” 

These views have been so far accepted and acted upon by the Agent 
Scinde, Punjab and Delhi Railway, that the 1st class fares have now 
been reduced from 18 to 12 pies per mile— the 2nd class from 9 to 8 
pies per mile — the 3rd class from 2^ to 2| pies per mile. 

The 1st and 2ad class reductions have only just come into force, and 
the results remain to be seen. 

The slight reduction in the old class resulted in the first half-year 
(after eliminating one abnormal month) in an increase of 170,000 in num- 
bers, and of Rs. 24,000 m receipts, which is encouraging so far as it goes. 

But no very striking result can be expected until a much more consi- 
derable reduction is made At present rates I am still of opinion that we 
hardly touch the real 3rd class traffic of the country, which is too poor 
11 
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to travel largely at much above a one pie rate* With that low rate, 
vre should, I am convinced, fill our carnages and double the number of 
our trains, and should still (as the calculation given in the note above 
shows) earn more profit than we do with our cheap goods Of the immense 
educational advantages to the people at large by thus accustoming them 
to travel, I refrain from writing 

II. The second point to which I diew attention in my former paper 
was the want of facilities for the convenience of passengeis, among which 
I instanced as a principal one, the t? ouble oj •procuring the ticket 

This inconvenience I may perhaps have overrated, as it is not a seri- 
ous one in the case of small stations, noi is it necessarily so at laige stations, 
and even during rushes of traffic, with proper aiiangements and organiza- 
tion. At Lahore, there are now thiee ticket windows opening into the 
3rd class waiting halls, and in addition to these, 12 portable ticket 
boxes have been constructed which can be used outside the station, or at 
fairs, or wherever there are crowds waiting to take tickets The difficulty 
is to persuade the oidinary Station Master to make full use of the extra 
conveniences provided. He has been so long accustomed to the sight of 
a pushing and sti uggling crowd, delayed for an hour at a single window, 
that he cannot understand the necessity of a more convenient arrange- 
ment. 

There is, however, a wider principle involved in the simplification I 
before proposed in the matter of tickets, than the mere convenience to 
the passengei 

The widest application of that principle will be reached when all Eail- 
ways (like roads) aie the property of the State (* e , the public), and 
locomotion on them is perfectly free^ the cost of construction, working and 
narxiage’l' being met from the geneial revenues of the country The 
same principle is now being recognized in the case of the Postal and 
Telegraph services of a country, which, it is now admitted, should not be 
expected to pioduce revenue, but that all surplus profits should be re- 
turned to the public in the shape of increased facilities oi lower rates. 

• Tno Passenger receipts on the Punjab Noitbern State Eailway, 103 miles long (Lahoie to Jhe- 
luni), foi the bait yeai ending 30tb June, 1877 weie Ea 64 per mile per ■weak vntb a Sid olass fare 
of pie On the most piofitable section of the Scindo, Punjab and Dell«,Emlway, 11 C miles long 
(Lahoie to Luflhlana), they weie only Es 60, the Srd oloas Inie being 2i pies The population of 
the towns on the latter section being doulle that on the former 

t Of couise 1 Qo not forget that on common loada the tiaveller tods or pays foi his oivn carilsgo, 
this diffeiLuus (fiom the case of a- Kailwaj ) does not, "however, affect the pt inciple mvolvul 
12 
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No doubt the time has not yet arrived for acting on such a broad prin- 
ciple as this, but it is I believe sound, and should gradually be worked up 
to An inteimediate stage is clearly leached when the traveller is at any 
late carried at actual cost, and as the cost per head diminishes as the num- 
ber increases, it is evident that the late might in time be almost nominal 

One step towards this is to simplify all arrangements connected with 
travel, both as tending to facilitate traffic and to lessen woikmg expenses 
And as, in the case of the Post Office, the same charge is made for carry- 
ing a letter 10 as 100 miles, so theie should be greater simplification of 
the Railway ticket system, so as to give additional inducements for tra- 
velling the longer distances, increased a being booked to re-coup 

the difference A passenger who only travels 10 miles on a Railway 
is evidently a much less profitable customer than one who travels 100 
miles, if only because he costs just as much to book A little consideration 
will show in fact that the mileage rate should be reduced according to the 
increased distance travelled This is, in fact, the same principle that is 
pursued by a tradesman who gives a largei discount in the case of a larger 
purchase, simply because the large purchaser is more profitable to him 
than the smaller 

I would, therefore, invite attention to the subject of a much greater 
simplification and re-arrangement of passenger fares, so as to give ad- 
ditional inducements to the more profitable customers of a line. 

III. Another inconvenience to which my former paper directed at- 
tention was the present cumbrous and vexatious system of loohing and 
weighing luggage. I have hitheito endeavoured in vain to persuade the 
Railway authorities to try a simpler and less complicated system I 
hope, however, shortly to he able to make the expel iment on one of the 
State lines by the courtesy of the Director , and for the benefit of those 
Willing to try a new system elsewhere, I subjoin the rules I have pio- 
posed for the hue in question 


New Mules for Passenger's Luggage, Punjab Northern State Mailway 

On and after the the following Rules regarding 

Passenger’s Luggage will come into force for all local bookings on the 
above Railway 

The object is to do away with the present inconvenient and vexatious 
system of booking and weighing, and it is hoped that passengers will 
13 
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aasisfc the Railway officials la the present attempt to introduce a simpki 
and more convenient arrangement 

1 All free luggage will bo abolished, excepting such small articles as 
the passenger takes into the carnage with him, for the safety of which ho 
IS responsible 

2 All booking and weighing will be abolished, luggage being chaigcd 
foi by the piece 

3 A single piece of luggage will be an ordinary portmanteau, box oi 
other article which can be carried by an ordinary coolie 

4 Heavy boxes oi other pieces requiring two men to carry them will 
be chaiged as double pieces 

5 Any packages requiring more than two men to carry them must he 
weighed and booked as heietofore [The public will therefore see the ad- 
vantage of tiavelhng with packages of leasonable size, or sending heavy 
pieces by Goods’ Train ] 

6 The Railway officials will be liberal in estimating pieces as smglo or 
double In case of dispute, however, the decision of the Luggage Clerk 
must be accepted at the time, but the passenger can, if he pleases, insist 
on his luggage being weighed at the end of the journey, when the piece 
will be taken to be one maund 

7 On each piece of luggage as above, a punted label or ticket will be 
affixed by the Luggage Clerk, each label will bear a separate number and 
will have the names of the stations from and to which the piece is to he 
earned, and the charge for snch carnage, prmted thereon 

8 A duplicate of this label or ticket will be handed to the passenger 
who will receive his luggage on ariival at its destination, on giving up his 
duplicates to the Guard of the tram 

9 If the duplicates are lost, the luggage will only be given up on a proper 
description being furnished, and a certificate of indemnity being signed 

10 Two, three or more small articles may be strapped oi fastened to- 
gether so as to constitute one piece, but if one ticket only is taken for the 
lot, the Railway is only responsible for the article on which the ticket is 
affixed, and it will rest with the passenger to see that the articles are 
securely fastened together 

11 All smgle pieces of luggage earned between Lahore and Wuzeer- 
abad, or between Wuzeerabad and Jhelum, or between GoojranwalU and 
Goojorat, will be charged for at the same, or a single, rate 

14 
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12 All pieces earned beyond these limits will be charged at a double 
rate 

13 The following coloured tickets will therefore be used — 

Single pieces carried single distances, le, be- 
tween Lahoie and Wuzeerabad,or Wnzeerabad 

and Jhelum, or Goojianwalla and Goojerat, White, 4 as 
Double pieces ditto ditto, Yellow, 8 as 

Single pieces carried double distances, i c , be- 
tween Lahoie and Jhelum, oi Lahore and 
Goojerat, , , Blue, 8 as 

Double ditto ditto, , Bed, 1 Ke 

*^* By using two single tickets for a double piece, the number of hnds 
of tickets may be reduced from 4 to 2 
If found inconvenient in practice, the distinction between single and 
double pieces may be done away with, all pieces up to the maximum weight 
or size being treated as single 

IV Another improvement obviously required to facilitate Goods’ 
TiafSo I pointed out to be the establishment of Boohng Offices, in all 
towns within reach of the lino, where goods can be received or delivered 
as at the Bailway Station This has been done to a small extent on 
the Somde, Punjab and Delhi Bailway, the cartmg to and from the line 
being done by contiaot at a smell additional charge The system should, 
however, be greatly extended, so as to include at least every impoitant 
town withm 60 miles of the line, especially if connected with it by a 
metalled road 

V, Another point noticed in my former paper was the superior can- 
venience of the American form of carnage over the present designs for 
3rd class carnages now m nse After considerable oonespondence and 
discussion, an improved pattern carnage has been constructed m the 
Lahore shops, with end doors and platforms, and a central passage 2 feet 
Wide, the passengers being seated two and two on each side This car- 
nage has the following advantages over those oidmanly m use — 
ls{ It IS the only pattern which admits of a urinal being provided, 
accessible to every passenger and yet offensive to none 
%nd It is perfectly ventilated fiom end to end 
8r(f It enables the passengers to move about freely and even to stand 
outside 
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Wi It enaWea a biako to bo fitted and woiked on either or both 
platforms, if reqniied 

^th In a tiam of ench cairinges, it enables the Guard to pass freely 
from end to end of the tram, to give information or help, cheek tickets 
or prevent diaoidoi 

As it only holds 38 passengeis, instead of 60, foi the same length of 
frame and at the same coat, it is of ooiirse moi6 expensive , but as the 
present carnages do not, on the average, run moie than half full, this is 
of less consequence, while the increased comfoit and convenience to the 
passenger is, it is submitted, well worth the additional cost 

The now caiiiago has been specially adapted as a Tioop oi Ambulance 
caiiiage, the whole of the seats being made lemovable, and additional 
Bide doors being piovided to admit doolies when reqmred 

So fai I have confined myself to the points already enumerated in my 
formei paper As icgards othei points, to which experience has forcibly 
directed my attention, I may mention — 

VI The immense impoi tance of ihe Local ti affio of a hue as compared 
with the through tiaffic — to exemplify this, I give an extract from a Note 
on the above subject as regards the Sciude, Punjab and Delhi Eailway 
“ I have obtained fiom the Auditoi the figmes below, showing the 
local passengei trafiio duiing the half-year ending 80th June 1877, on 
the different sections of the line 


Sections 

Namboi of 
PnsSengcra 
arf Class 

Numbor^per 
half yenr 

Lahore and Amiitsar, 32 miles, 

Amntsai and T ndhiana, Si niilos, 

Ludhiana and timballa, 66 miles, 

Umballa and Sahnianpur, 66 miles, 
gahaianpur and Moernt, 71 miles, 

Meerut and Delhi, 40 milqs, 

263,207 

166,830 

100,241 

117,871 

82,878 

101,770 

8,225 

1,867 

1,619 

2,143 

1,167 

2,644 

Lahore and Montgomery, 

Montgomery and Mooltan, , 

MpolSin and Sher Shah, 

1 166,338 

709 

Total 667 miles, 

978,186 

1,726 


"The number of passengeia booked from and to Foreign lines dunng 
the same period was 22,713 
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“ As the total number of passengers caiuod on the line during the 
half-yeai was 1,260,611, it follows that 1,137,898, oi 98 per cent , were 
due to local tiaffic, of which 978,135, as above shown, weie cained be- 
tween the different sections ns above, the remaindoi being earned from one 
section to another 

“ Nothing can show in a more striking manner the importante of the 
local, as cornpaied with the thiongh, passengei traffic, which is fuither 
confirmed by the fact of the average distance tiavelled by a 3id class pas- 
sengei being about 50 miles ” 

VII One obviously desiiable measme in consequence of these facta is 
the establishment of numerous Stations at short distances apart, so as to 
pick np travellers at their own doors In a populous country like the 
North-'Western Piovinoes, I think the aveiage distance between stations 
should not exceed 5 miles 16 new stations have been thus established 
on this line within the last 18 months, with gicat advantage to the traffic 
and of conise inoieased convenience to the public 

VIII Another obvious deduction from the magnitude of the local 
traffic and the comparatively short distance travelled by the average pas- 
senger IS the establishment of convenient morning and evening Local Trains 
between all large towns on the line, giving the country people the oppor- 
tunity of attending fans, markets and courts, and returning to their homes 
the same day 

This improvement has also befen earned out to a considerable extent on 
the Punjab and Delhi Eailway, the hue from Lahore to Delhi (350 miles 
long) being broken up into six sections, of which four are thus conveniently 
served These short passenger trains are combined with Goods’ tiains, 
end so far piomise faiily , cheaper fares are however requiied to develope 
them thoroughly, and day or season tickets , also greater punctuality of 
running 

IS To facilitate the development of the lucrative passenger traffic, 
due attention to the comfoit of passengers is now lecognizod as dosiiable 
Convenient Waiting Sheds for Zi d class passengei shcMc now been provided 
at most stations, and are highly appreciated, m spite of the re-iterated 
assurances that natives pieferred to wait outside under trees (which were 
nevei planted), especially on a cold, rainy, winter night 1 

The baibaious custom is, however, still in foicc of looking up carri- 
ages, and so preventing fiee egiess at stations to comply with natural 
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wants, which the present faulty design of carnages renders necessary 
In this as in. other instances, the idea is still pieralent that all Eailway 
passengers should be treated as logues oi children, and the fact appears 
to be Ignored that if the general bnsiness of life were conducted on such 
principles, it would soon come to a stand still altogether 

X Af very necessary improvement is now being earned out to facili- 
tate Goods’ traffic, and that is the provision of paper shelter ovei the 
Goods platfoims The small bnclt; buildings fiist erected have been found 
totally inadeqnate for the puipose, and it is lamentable to see the utter 
want of protection from the weather in the ease of the large quantity of 
perishable goods brought to the stations As the Eailway gave no receipt 
for these until deposited m the wagons, the lino siifleied no direct loss, 
and so nothing was done, it appears to have been overlooked how gieat 
was the indti ect loss owing to the injury done to trade, and that a Eailway, 
like a shop, must suffer with its customers. Large open corrugated iron 
sheds are now being erected at all stations, enough to sheltei goods for 
two or three days These will doubtless be followed by the erection of 
warehouses, at the expense of private paities or companies, and nothing 
will so much tend to steady the violent fluctuations of traffic 

XI This line, like all others in India, has suffered foi some time from 
a want of sufficient Rolling Stock for its goods tiaffio, and at the present 
moment of writing thousands of rupees are thus daily lost to the Eailway 
m consequence It may, in this as in other matters, be pointed out that no 
policy IS so short-sighted and foolish as to make a railway and then to 
grudge tho necessary means and appliances for making it pap A 
railway is necessarily a very expensive thmg both to construct and to 

''"work If economy is the first thmg to be consideied, don’t make it at all, 
once having made it, it is not economy, but reckless extiavaganoe, to 
sfa? Biiiu^ it Everything that can possibly tend to facilitate traffic, both m 
goods passengers, should be freely and even lavishly provided, and it is 
only by wpUorting on such broad principles tfiat a fair return can he hoped tor 
Estabhshmin^gnt must not be gindged, tho Manageis of the line and heads 
of Dopartmenu^^ should be fieely trusted and liberally dealt with , but in 
return they Bhouii_i^ be j/o^nd to show good lesults, and it should be clearly 
explained to them i then own prospects, as well as reputation, will he 
identifiedi with the Siur^cess of the hue 
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It IS to be borne in mmd that the principles of Indian Railway man- 
agement have been left to deteimme themselves in a veiy hap-hazaid sorl 
of way Such impoitant questions as the piopei faxes and lates to b( 
chaiged, the tine pimciples of classification of goods, the interchange o 
rolling stock, the propoitions of dead to paying height, the relative cost o 
high and lov? speeds, the comparative value of goods and passenger traffic 
of through and local traffic, and numerous other questions of equa 
importance, on the right solution of which the financial success of ever; 
Railway is largely dependent, may all be said to be open questions, whicl 
have hitherto been determined simply by " lule of thumb ” Of thi 
Railway officials who have been brought out from England to work th 
lines, many no doubt have been able men , but it is no discredit to tin 
Indian majority to say that they were scaicely fitted to investigate ques 
tions like the above, while many of them were only fit for working on in th 
groove to which they had always been habituated, and were incapable 
from want of education, of applying their English expeuence to a totall; 
different country and people 

Hence it has doubtless aiisen that snggestioiia in the way of ohang 
and impiovemeiit have geneially come fiom Goveiument, and have, as 
rule, been only carried into effect after considoiable opposition on the par 
of the Railways, which are rather disposed to resent the inteiference o 
“non- practical" men 

The Guaranteed Railway system by which the Government is as deep! 
concerned in the prosperity of a line as the Shareholders, naturally give 
great weight to all recommendations coming from the Government offi 
oeis, but still such lecommendetions can only take the foim of advice o 
suggestion It remains for the Railway, as a rule, to take the imtiativ 
in all questions of improvement 

In justice it must be admitted, however, that even wheie the Govern 
ment have had a cleat field befoie them, as in the case of the State Rail 
ways, wheie they were not embariassed by any “double Goveinment,' 
the policy puisued has not been so far in advance of the Guaianteei 
Companies is could be desired Rates and faiea have ceitamly bee 
lowered, the clnssifioation of goods has been simplified, and less mone; 
has been wasted But on some of the State lines, the worst faults c 
the older linos have been perpetuated The stations have been designs' 
without shelter for passengers or goods, the carriages have been copiei 
19 
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from the old fanlty patterns, and there has been a serious deficiency of 
rolling stock, and a geneial inability to appreciate and provide foi the 
inevitable expansion of traffic 

These notes may perhaps be useful in diiecting attention to a few im- 
poitant points, but still more to the necessity of discussing all such 
points on broad, geneial piinciples, by which alone safe rules for future 
guidance can be aiiived at 'Without this, what is called “ practical ex- 
perience” IS peipctnally apt to degenerate into a meio following out of 
routine, and to obstruct, instead of assisting, improvement 

The proposed Eailway Conference ought to be most valuable in helping 
to settle on tine pimciples soma at any rate of those questions which I 
have indicated as open ones — they are however so numerous and “ large ” 
that little moie than a beginning can be made in one Confeience But 
much will be done if the example can be set of looking to piinoiple as 
well as piaotioe in deteimuiing doubtful points — above all, if it is clearly 
kept in view that the true interests of the Eailways, the Government and 
the public are really identical and not conflicting If this is borne in 
mind, it will be felt that the discussion of all questions affecting this joint 
inteiest should be tieated m an elevated manner, and should be as far 
as possible lemoved fiom the tone of a parish vestry 


Lahore, 

Jamaiy lOtA, 1879 
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EXPERIMENTS MADE AT NARORA, LOWER GANGES 
CANAL, ON THE STRENGTH OF DIFFERENT THICK J 
NESS OF MORTAR JOINTS 

[Vida Plate] 

By Lieut E W Creswell, EE 

Different tbiokness of mortar jomts to be tested were |° 

A level site close to the wen sluices was selected (as the blocks of bnckwoik 
were aftei wards to be put into the talus of that woik), and five rows of 
brickwork bais built, 16 X 2|' X 2|', each row contaming ten bars, and 
weie numbered A to E 

Mortar joints in low A were all in row B and so on, in order 
mentioned above, row E being 

The foundations for these bars weie made one foot deep, see plan The 
centre 10 foot portion of the foundations being of bricks laid in mud, tbe 
end 2 feet 6 inch portions of bricks laid m mortar, a thm layer of mud was 
spread ovei the whole surface of top of foundation, so that tbeie might 
be no adhesion whatever between the snpeistrncture and the foundations 
The bricks were sand-moulded kiln burnt, weie caiefully gauged and 
sorted, so that each bar might be bmlt with the lequired joint and still 
the total dimensions of bar as directed be attamed 

The moitar used was two parts steam ground coal burnt kankar lime 
to one part sand, mixed with water m a country bullock ‘ ohakki ’ 

The joints in every direction were carefully kept of the lequired thick- 
ness, and English bond employed 
The bais were all completed in August 1877 

In May and June 1878 the bnckwoik of the cential 10 feet portion of 
tbe foundation was removed, and the bars were now simply supported at 
both ends by the 2 feet 6 mch pillais 

In Older to break the bars, two stone slabs 2' G" X 6" X C' were placed 
one foot apart on top of the bnckwoik (as shown in Figs, 1 and 8) and 
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equidistant fiom the centre of the bar Across these 24 feet rails were 
laid, and oyer these othei rails, till the load caused the hai to break 
across 

The line of rupture varied, hut was always somewhere between the slabs 
of stoue, and generally as line shown in Fig 8 

It will be observed that the average breaking weight requiied was 
greatest in the row 0, or of bars with joint, this aveiaga diminishes 
slightly foi the and was less agam for the joint 
The thick joints and gave veiy poor results, average bieaking 
weight being about fid of that for the joint 

The bar that gave the highest result was No 4 B of the joint 
The general result appears to be that joint makes the strongest 
work, and should be employed in preference to the finer joints 

Table 11 gives the values of the modulus of rupture per square mob 
of section for 

(i) Average breaking weight of each row 

(ii) „ „ strongest bar „ 

(nr) „ „ weakest „ 

In all these oases the beam being supported at both ends and loaded 
with an even numbei of equal loads symmotrioally placed on each side of 
the centre (as half the breaking weight may be considered as applied at 
the oentie of each stone slab) 

Neglecting weight of beam 

(i) M = Moment of flexure = 2 Wcf, 

W = weight of each load 
= 4 breaking weight 

d = distance from point of support to application of load 
= 4 25 feet 

(^) 

6 =t 30", 
d = 30" 

(ni) From(i)and(ir)/„=l^« = ?i^i^%^« 

= 0118 (2W) 

Substituting for 2^ the weights as given in, Table I, values are 
found 

22 



EXPERIMENTS 


NAROHA 


STRENGTH OP MORTAR JOINTS 


If the weight of the beam be taken into account, the modulus of rupture 
due to weight of beam, should be added As all the bais weie simi- 
lar, this modulus will be a constant quantity 
_ Wi L f W = weight of bar, 

“ 8 ( L = length of bai 

A cubic foot of this brickwoik weighing 122 7 lbs 
W, = 122 7 X 10 X 2^ X 2^ 


L = 10 

M = 7 X 10 X 3^ X 2^ X 10 

. 


M = 

.* /o 


122 r X 10 X X 2| X 10 X 12 X 6 
80 X 80 X 80 

25 56 ft)S per square inch 


Table I 



Ar' 

V 

¥ 

¥ 

1" 


A 

B 

0 

D 

B 

1 

14,793 

16,626 

16,638 

12,633 

8,223 

2 

12,876 

16,638 

17,296 

10,194 

9,410 

8 

18,961 

13,323 

16,287 

13,666 

13,079 

4 

18,460 

22,391 

20,066 

12,872 

10,672 

6 

16,566 

19,466 

17,467 

10,409 

10,669 

6 

14,387 

20,790 

16,086 

16,800 

12,866 

7 

14,064 

16,034 

20,770 

13,860 

10,180 

8 

14,660 

14,332 

18,965 

11,160 

12,848 

9 

16,307 

16,298 

19,092 

8,707 

11,666 

10 

14,615 

19,701 

19,729 

8,236 

11,626 

Total, .. 

1,66,017 

1,74,309 

1,81,861 

1,17,010 

1,10,227 

Arcragc, .. 

16,601 7 

17,439 9 

18,186 1 

11,7016 

11,022 7 
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Table II 

ft)S per square in , values of/o m Equation (in) 




' 1 

¥ 

4 

r 

Bemarlis 

A 


a 

i ^ 

B 

Maximnm, 

216 

264 

236 

179 

148 


Minimum, 

140 

161 

182 

93 

93 


Average, . 

170 

198 

20C 

133 

126 



Table III 



1 

i" 

*■ 1 

¥ 

r 

Remarks 

" 1 

B 

° 1 

D 


Maximum, • 

240 

279 

261 

206 

174 


Mmunum, 

167 

177 

208 

119 

119 


Average, 

1 201 

223 

232 

168 

160 
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ESSAY ON THE THEORY OP RUNNING WATER 


y 


By J Bousbihbsq, Paeib, 1877 

Repoit on the above by a Commimon of the Funch Academy of Science 
Translated by Capt Allan Cunninoham, RE, Hony Fell of King’s 
Coll London 


Translator’s preface The ongraal Edition o£ this impoitant woik was published 
in 1872 the pieaent (2nd) Edition was published, with consideiable additions, in 
1877 As It oontama a consistent > atioreal Thooiy of the flow of water, piobably 
the best yet developed, and has stood the test of ciiticism foi some years, it has been 
thought that the Repoifc ot the Commissioneis of the Eiench Academy of Science on 
the oiigmal edition (1872) containing a commentaiy on the whole woik, might still 
be piosontod with advantage in anEnglish translation to the laige body of Bngineois 
interested in Ifydiauho Science 

1 An eaily osposition of the subject of this great woilc was the aim 
of a Paper lead befoie the Academy on the 15th Apnl, 1872, with the 
title — “ On the influence of centrifugal foioes on the flow of watei ii\ 
piismatio channels of gieat bieadth ” The equations of varying steady 
motion of water in stieam-lines, supposed oiiginally sensibly straight, 
were therein established on a lational basis investigated in lecent Notes , 
the nuthoi next calculated the effects of the oentiifiigal forces in those 
places where the fluid surface, and theiefoie also the stream-lines them- 
selves presented a decided veitical curvature He applied the Results 
to the study of waves and of other ciicnmstances accompanying the 
passage fiom unifoim to vmablo motion, and vice versd this led him 
to a primary classification of watei -couises into Riveis and Torients of 
two kinds 

The new Edition comprises the cases of both pipes and canals , it 
23 » 
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embiacea 0 nid sections of vaiioiis shapes, chiefly rectangles of great 
breadth, either constant or slowly varying, and circles oi hall cucles, the 
lattei being consicleied to piescnt the siconil of the piir of m a ceitain 
sense, e\tRine cases between which ill othei figiues of cioss-seition may 
bemtcipoHted — at any i ate for the computation of ceitain “coeflicientb” — 
by a sort of approximation q^iiite siifificiont foi piicticnl calculations 
The anthoi lieie tieats the cases in which the bed of the channel has 
a sensible ciuvatme, oi is even wavy lengthways, like the water siiiface 

Oonsideiations aio then proposed which make the lesnlts of the appli- 
cation of Borda’s Them era on loss of vis viva, and of the expression for 
an “ afflux ” (ressaut) of watei agree bettei with facts Lastly, he tieats 
at some length of nou-peimansiit motion such as oocnis in avers in 
time of flood, and in the pait of then oouise affected by tides, and by 
mtegiating these equations for slight degrees of non-peimanence, he 
discovers laws which agiee with expeiiment on the piopagation of waves 
and swells on the suiface, due legaid being paid to the slopes, fuction, 
and ourvatuie winch could have any effect on this propagation 

% The problems of such vaiiable motion as most commonly occurs 
in running water are in fact those which hydranhcians should now-a-days 
attempt The empiacal formula which have been coiistiuotod to expiess 
the lelation between the quantity dischaiged, the cioss-seotion, and the 
slope , 01, which amounts to the same thing, between the lato of disohaige, 
and the mean fuction of the water on the envelope within wliioh it flows 
aie applicable only to iinifoim motion Poi the case of unsteady 
motion, m which the lelations between the velocities at any one spot have 
diffcient values, it is absolutely necessaiy to consider in detail the ve- 
locities of the indmdnal stieam-lines, and, ns a necessaiy consequence, 
the intensity of their mutual lateral action, styled mtornnl fluid fuction, 
must also be found 

The question of calculation of this fluid friction between stream-lines 
or-layois has long been, — ns we have elsewheiehad to say, — a leal enigma, 
the solution of which was being ill, and thorefoie vainly, sought The 
moleonlai motion was supposed to be continnons and legiilai, and it was 
hoped that the intensity of the mutual fnotion of the stieam-Iiiies de- 
pended only on then lelative velocity, although numeioiis facts weie 
tending to show that it depended also on Iho absolute dimensions of the 
cioss-section , and — which is still moie leinaik ible — on the absolute velo- 
26 
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Cities The authoi of the mcmou now under leview has been able to 
reconcile all this, and has given exjuessions foi fluid fiictiou-intensity, 
which agioe with vniious experiments, by diawing a distinction between 
motion quite legnki, coutinuoiis and simple, such as must take place in 
flowing thiongh veiy fine smooth tubes, and motion which is whiiling and 
tumultuous, such as is inevitably pioduced (ns alieidy shown by him in 
1868) in spaces of a ceitain tinnsveise extension, spaces m which con- 
tinuous and 1 ogulai vauation is obseivable only in the local mean velouhcs 
(mtesses moyennes locales) which — neglecting lotation and oscillation— 
deteimiiie at each spot the tianslaUon of the molecules or ihcjlow of the 
fluid 111 these spaces, considering the abrupt changes in magnitude of 
the 16 il velocities fiom point to point, the mutual friction between the 
fluid layers is of a kind quite dififeient to that in capillaiy spaces Its 
coefficient, vie , that by which the diffeieuce between the local velooities 
of tianslation ot successive stieam-hnes must be multiplied to obtain its 
intensity, is enormously gieatoi than in tubes of less than a milhmetie in 
diametei, m wliioh the late Poisenille made his expeiimonts Instead of 
being constant it depends at each spot, as Mi Boiissinesq has explained, 
on the intensity of the lolm Itny action, and on the consideiable loss or 
change of vis viva which it involves It may vaiy fiom one to one bun- 
dled times 01 moie, aoooiding to the transveise dimensions of the space 
in which the whiils have the chance of being foimed, aecoidmg to the 
velocity against the maigms wheie they ansa, and oven accouling to the 
shape of the contour of the section and the distances fiom that contour, 
in starting out from which the whiils tend sometimes to converge, some- 
times to diverge m their propagation into othei paits of the same space 
8 Aftei a preamble containing a succinct i4iimd of his memoir, the 
author shows fiist (§ i, ii,) that the equations of motion of hydiodynamics 
may be used foi those velocities just styled “ local mean velocities,” about 
which the leil moleculai velocities oscillate with a soit of peiiodioity at 
each point, and that to obtain the internal actions, also “locil mean," 
which aie developed at these points, the six loinuiheof the components of 
the foices both noimal and tangential of Poisson, Cauchy, and Nvvier, 
may be foiraed between then diEfeientials , piovided that the coefficient 
of mUinal fiiction (e), which thcicin multiplies the velocities of tiansla- 
tion, as Well as the difieiencos between those of expansion by pans be 
conaideicd cat table fioin point to point 
27 
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Then (§ in) making some plausible and well reasoned hypotheses as to the 
mtensity of the whirling action about which yarions facts agiee in furnish- 
ing eYidenoe, ho assumes foi this coefficient e expiessions, whereof one for 
tho case of very wide reotangulai channels oi pipes is propoitional both to 
the fall depth, and to the bed-velocity, and the othei foi the case of ciicu- 
lar or half-circular sections is pioportional to the radius, to the marginal 
velocity, and also to the ratio of the radius to the distance of each point 
from the centre to which point the whirls tend as it were to become more 
intense before then final destmction (as Leonardo da Vinoi puts it) oi 
lesolution into heat- vibrations 

These hypotheses aie justified by the case first of the equation of 
motion which is unifoim, or m wholly parallel stieam-linos , foi theie 
lesult for the individual velocities at different distances fiom the free 
Burfaoe in the fiist case, and from the centie in tho second case, laws re- 
presented by parabolte of the second and thud degrees respectively which, 
as well as other results of tho investigation, agree with the hydrometrio 
experiments of Darcy, Bazin, Boileau, &o , propeily discussed 
It IS indeed fiom this, and fiom the mean lesults of experiments on 
discharge of streams, that Mi Boussmcsq deduces the appioximate or 
moan values 0006386 and 0008094 to be assigned to two partioulai 
quantities , one, (A) entering into hia two foimulm for internal friction, 
the other (B) by which he multiplies the squaie of tho velocity against 
the sides of the channel, to obtain at each point thereof the fiiotional 
retardation which they exeit per square unit divided by the weight of a 
cubic unit of the fluid These two quantities vaiy besides with the de- 
gree of rugosity of the soil, and also — espeoially the second — slightly 
with the mean radius of the oioss section, as well as with itself 
4, Furnished with the expiessions so formed of the two kinds of fuc- 
tion, the author is enabled to enter on the investigation of an equation 
for the problem of variable steady motion 

It IS known that a solution of this mpoitant problem was proposed in 
1828 by Bdlanger and Poncelet, who — foi a stieam contained in a piis- 
matio channel — mtioduced into the equation of motion a teim express- 
ing the inertia brought into play by the change of mean velocity flora 
section to section Vauthiei m 1836 rendered this solution appilioable 
to a channel of any shape, and in the same year Ooriohs modified it, 
remarking that in the teims which arises fiom the inertia or from the 
28 
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change of magnitude of the vis viva of the fluid sections, we ought, m 
consequence of the inequality of the velocities of these diffeient stieam- 
Imes, to apply to the squaie of the mean velocity a coefficient styled a, 
a little greatei than 1, which measuies the mean latio of the cubes of the 
individual velocities to the cube of that mean 

Almost eveiy one since then foimed the equation m Coriolis’ mode by 
the piinciple of vit, viva, viz , by assuming eithei explicitly oi implicitly 
that the fiictions, both internal and external, have in each section the 
same intensity which they would have in unifoim motion foi the same 
sections, and the same mean velocity thiough each, so that the sum total 
of then work can be found by multiplying the single fiiotion along the 
Bides — as given by the empiiioal foimnlm foi the case of nniloim mo- 
tion — by the space tiaveised in consequence of this mean velocity 
Ml BouSsmesq has shown since 1870-71 that this hypothesis as to the 
work of the fiiotious is inexact m two ways Also he does not employ the 
theoiem of vis viva, the use of which it seems should in this case be given 
up, foi tlieie IS nothing to show a pnon m non-unifoim motion what 
the woik of the internal foices should be 

lie makes use of the theoiem of ‘quantity of motion’, or — which 
amounts to the same thing — he states in the mannoi of Bulei the three 
equations of dynamic equihbiium — m one longitudinal sensibly hoiizontal 
diieotion, and in two diieotions at light angles, wheieof one is sensibly 
vertical, — of a lectangular fluid element, under the action of its weight, of 
its meitia, of the normal pressures on it, and lastly of the fiiotion oi 
tangential forces applied to its faces 

He confines himself to consideiing gradually varied motion, styling 
thus that motion whose non-umfoimity depends on quantities, the squaies 
and piodnota of which aie supposed negligible in the investigation such 
is, among these quantities, the mclmation of the fluid suiface to the bed 
ovei which it flows 

5 By consideiing at fiist only those paits of the current m which the 
cnrvatuie of the stream-lines is insensible, so that the centuiugal forces 
may be omitted, there results foi the pirssiiio from two of the diffeieiitinl 
equations its simple hydrostatio value Substituting into the fiist of the 
three, and integrating all the lei ms from the suifaoe to the bed or sides, 
there lemains no othei faction but that which they exert against the 
stream-lmcs flowing along then suifates The inoitia whicli depends on 
20 
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the longitudinal acceleiation is expiessed by the sum of tbiea difterential 
terms wliioli the authoi leducts to a single one by means of the equation 
of continuity or of consci ration of volumes, by coupling it ivith the as- 
sumption — heio snfliueiitly appioximato — that the small inclination of the 
stie iin-lines lb unifoimly-vaiying from thesiiitac-e oi fioin its cential lino 
to the bed oi boideis 

He ai lives thus at an equation of motion which has some analogy 
with that fuinished by tlie theoiem oi us viva, but theie aie two essen- 
tial points of diffeience 

One consists in this that the tcim aiismg fiom the meitia is equal to 
the diffcieutial coelficient of the height due to the mean velocity with los- 
peot to the longitudinal abscissre, multiplied — not by Coiiulis’ coefftoieiit 
a, but — by anothei quantity, the excess of which above unity is only about 
a thud as gieat, and which is the mean ratio of the squaies of the indi- 
vidual velocities to the mean velocity thiough a similai section instead of 
being that of the cubes of the same velocities 

The other difference aiises from the fiictional retaidation at the bed 
or at the sides This fiiction depends on the velocities of the stream- 
lines adjacent thereto now the latios of these to the mean velocity aie 
different in vaiiable motion to the ratios in umtoim motion In ordei 
then to obtain the tine value of the faction in question, oi of the surfape- 
slope neoessaiy foi its being oveicome, it becomes necossaiy to add to the 
term expressing the value assigned to itinunifoiin motion foi alike mean 
velocity another teim depending on the degree of conveigenoe oi divoi- 
genoe of the etieam-hnes As the quantity by which this degiee is mea- 
sured IS supposed very small, so that, as has just been said, its square may 
be neglected, it appeals that this teim, * e , the additional slope in ques- 
tion, becomes the diEfeieutial of the height due to the moan velocity multi- 
plied by a numeiical coefficient which vanes slightly with the shape of 
the fluid section of the water-comae under consideiation 

Oalhug this second coefficient 6, and the first 1 + m j that which 
in the expression of inertia arises fiom the inequality of the velocities 
through each section), the smfaoe-slope I, which may also be denoted 
by mz , the diffeiential coefficient of the oidmate f of the fluid sui- 
face above a fixed honzontal plane with lespcot to the longitudinal 
abscissa s, lastly the density p, gravity q, and the mean intensity of fne- 
tion Fu per square unit of the bed and sides round the section whoso 
30 
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alTioissa IS s, vi: , the same as that intensity would be in a umfoim motion 
with same mean velocity TJ, same cioss-sectional aiea w, and same wetted 
boidei X) the new equation now undei considciation is 

di, ixi pg ' ‘ ‘ '' i/s '■ 2 i7 ' 

6 To eilcnlate those two coefficients 1 + j? and /3 which aie to multi- 
ply the s-diffeiential coefficient of the heii,ht due to the moan velocity 
U of the fluid, the individual velocities of which it is the mean must ha 
known foi each section The deteimination of any one of these velocities 
depends on a diffeiential equation of the second oidei, whose second mem- 
bei contains the sqnaie of the unknown quantity involved m an integial 
multiplied by the small quantity winch is the measuie of the dogiee ot 
vaiiability of the motion 

7 It cannot be exactly integi ated, but the autlioi solves it by an ingen- 
ious piooess of snocessivo appioximatioiis It consists in replacing this 
second membei at fiist by zeio, 2 e , by piovisionally suppiessiiig the teims 
due to the nou-unifoimity and obtaining then by an easy double imegia- 
tion of its teims thioughont the whole fluid section a fiist appioximation 
giving m unifoim motion the paitionlai velocity sought and substituting 
then this oxpiession, which is a binomial of second degiee m the second 
mombei restored 

The integrations of the teims, aftei this substitution, are as easy as when 
this membei is wanting, and there lesults thence foi the velocity at any 
depth an expression of the sixth oi ninth degiee accoidmg as the section 
IS rectangular and wide, oi circnlai , and this expiession leads to the second 
appioximation to what is sought Now this is sufficient in tlie problem 
in hand , for if an expiession foi the third approximation be formed (which 
would be just as easy) by the same process, it would diflei fiom that given 
by the second only by terms affected by those squares and products of very 
small quantities which have been neglected thioughout the whole oomse 
of the investigation 

The numencal coefficient 1 4- i; and 6 may easily he found fioin this 
It IB seen that they aie functions of the sole latio B— A ot the two quan- 
tities A, B which eiitei (Ait 3) icspectively into the expiessioiis assigned 
to the inteinal oi mutual friction between stieam-lincs, and to the cxtoiual 
or bordei fiiction 

For lectangular sections of much gieatci breadth than width, there 
lesults 

SI 
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1 + »?— 1 + 57r e __ 


and for circular or Bcmiciicular sections, 


1 (. ^ y 

^ U + ^B — 


01 respectively, adopting B — A = 1 2674, given as has been said by tbe 
moan of results of e’^peiiments on uiiifoim motion, 

1 + j, = 1 0176, g = 0675, 
and 1 + ,, = 1 0283, g = 1097 
Hence there lesults 

^ g _ f ^ leotangular channels, 

^ 1 1 1380 in Bomiciicnlai channels 

The aiithmetic mean of these two niimbeis is 1 11 It is neaily the 
value which many Engmeeis adopt in piactice foi the coefScient a of 
Ooriolis multiplying like 1 + j; + g the differential of U* — 2g in the 
Equation of motion This apparent agieement ought not to give use to 
the idea that the new mode of establishing what relates to permanent 
motion amounts in the least degree to the othei, which we have ezplamed 
to bo vitiated by two eriois 

Coriolis, who with assumed data as to the distribution of the velocities 
of the stieam-lmes, laised the value of a up to 1 18 and even to 1 47 
would have obtained only 1 0515 had he deteimmed as above what that 
distiibution would be in a lectangulai bed piesenting like most natural 
water-couises a width much greater than its depth so that the agree- 
ment of the results has m fact no moie real existence than the agreement 
m principles 

Mr Boussmesq remarks also that pretty appioximately 
g = 3 85 n 

for both of the extreme hguies of section, and that this ratio 3 85 of g to 
obtains vary closely even when the numeiical value of B — A is very 
sensibly vaiied This peculiarity gives the means of approximately 
deducing g from rj, which is easiei to oaloiilate for sections of all figures, 
because it depends to the degree of approximation proposed only on the 
distribution of velocities in the case of uniform motion 

Further, as the differential of the height due to the mean-velocity is 
small in the motion which we have styled gradvalli/ vai led, small eiiois in 
the values of the coefficients ij and g have httlo effect, and it is permit- 
ted, without fear of sensibly elteimg the results, to introduce into the 
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calculations of the ratio B — A on which they depend, the use of a for- 
mula, which like that of Tadini — I := 0004 U® lepresents only a mean, 
of the lesiilts of a gieat numbei of obseivations on watei-conises of all 
sizes with eaitheu sides 

Tins use is no way pi events the use of more exact empiiical formnlsB, 
such as those of M Bazin, to assign the value of the principal term of 
the equation of motion, vtz , the portion ~ ~ of the surface- slope, 
which would be due to the total fiiction against the boidei for the like 
mean-velocity in unifoim motion 

It IS seen also, and this is not one of the least useful consequences of 
the analytical investigation which Mi Bonssinesq has undertaken, that 
theie IS no need of taking the trouble, as has sometimes been done, of 
effecting the integration by cuivilineai co-oidinates or by othei difficult 
methods of au equation in the velocities foi sections of various shapes 

It may be concluded that theio would be ibence deduced for the quantity 
by which to multiply (^) ii'ittibeis not deviating sensibly from those 
which have just* been given 

7 The autboi deduces (§§ xiii, xiv) from the equation so established, 
various genoial consequences 

A constant sujiply fiom above, and a constant mode of drawing off or 
discharging fiom below, detei mine a permanent state, oi even moie gener- 
ally over long lengths a motion so gradually varied as to bo defined by 
the equation just given so that it suffices to be given for any point, to- 
getbei with the discharge, either the depth of water if an open channel is 
in question, oi the piessuieif a pipe is in question, to deduce numerically 
all the rest by successive appio'r'imation But these poitions may, even 
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With a bed and holders of stiaight longitudinal section, be sepaiated by 
shoiteT poitions, m wliioli the flow follows othei laws little known oi even 
nnknown, for which however an approximate allowance may bo made by 
use of two piinciples, mz , for pipes that of the loss of vis viva of Boida, 
and foi canals that of the foimula of “afflux” (iessaii+) of Bdlangei 
foi they give a lelation oithei between the piessuies or between the depths 
of water above and below these poi Lions The aiithoi intioduces an im- 
provement into these two piinciples by taking account immediately below 
as well as above of the inequalities of velocity of the diffeient stieam- 
hnes, and especially of that pait of the fiiction against the bolder which 
aiises, as has been said, fiom the fact of the motion being variable 

lie ariives thus at results agieemg veiy satisfactouly with expeiiment, 
foi he obtains foi instance the tine coefficient 82 of the discharge given by 
oylmdno adjutages, whilst Boida’s pimoiple as commonly applied gives 85 

Next (§ XV, xvi), he considers the paiticulai case of a channel whose 
bed 18 prismatic, oi is at least such that the watoi ean flow in it with a 
neaily unifoim motion Unifoimity tends to become established theiem, 
but without altogethei exceptional aiiangcments at the head and exit, 
there aio always two reaches in the upper and lower portions of moio oi 
less gieat extent, m which a unifoim state cannot take place There is 
then in general a portion of the current in which unifoim motion hecomes 
tstablished, and anotliei in which it becomes destroyed This destiuotion 
at the lowei end, takes place with or without “ afflux ” (lessaut), accord- 
ing as the velocity of unifoim motion is gientei or less than that which 
would bo leqiiiied by a body falling fieely flora a height equal to the 
mean half-depth coi responding to the same condition, this height being 
divided by the coefficient somewhat gieatei than one, above styled 
1 + 1 ? + € 

If it be admitted, as the authoi remarks, that the moan friction per squai e 
unit of the bed has for its measiue m unifoim motion, the pioduct of 
the square of the mean-velocity by n constant quantity, the distinguish- 
ing charactei of the two cases becomes the value of the slope in one case 
less than, and in the othei gieater than, the quotient of that iiumbei by 
the density of the water and by the same coefficient 1 + -f. g This 
makes with the mean data above 


00049 _ 0004 X 9 809 

J. Jh ij + e “• 1 086 


= 00361, 
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for the slope whioli sepaiates the two species of water-couise, to which 
it was pioposed by one of ns m 1851 and m 1870 to assign the two 
names Rivet and Tot i ent, as then lelative piopeities nie well in accoid with 
the ideas commonly attached to these two expiessions 

8 Aftei n digression (§ xvii) upon the effects pioduoed m the end by 
the action of the wateis on the suiface of the eaith, to which they give the 
foim of a suiface marked with undulations, as well as on the leal chaiao- 
tei of ridge and valley lines which sepaiate them, and after having 
(§§ xviii, XIX, xx) established the eguatiou of motion, including the effect 
of ciirvatuie and centiifiigal foicea, Mi Boussmesq letuins (§ xxi), 
having intioduced this last element, to the cacumstanccs which piecedo 
the establishment and the desli notion of uniform motion , and be piovos 
the necessity of distinguishing an intermediate class of water-course, 
which he has teimed Torients of modeiate dope He finds that it is ne- 
cessaiy to lower the upper limit of slope for Eivers about 0003, (or to 
reduce it to 0033 on the average), if it be proposed that the down-stieani 
conditions of desti notion of iinifoim motion, should be calculable witliont 
taking into account the cuivatiiie of the fluid suiface 

Insimilai watei -courses of the fiist class (m,Rivei8), iimfoim motion 
becomes established up-stioam, or wheie the state changes in the passage 
downwards from a variable to a unifoim motion with a suifaoe swell, and 
theiefore with sensible curvatures, winch must be taken into aoeonnt 

In Torrents of steep slope, the mean lower limit of which must then be 
raised to 0089, uniform motion becomes on the contiaiy gradually es- 
tablished without sensible cnrvatnio inteivening, and it is destroyed 
down-stream rapidly, or as above explained, with an “ afflux” (lessaut) 

Lastly, in the inteimedinte kind of watoi-oouise, the bed-slope of which 
would be included between the limits of 0038 and 0039, the effect of 
the cnrvatuie of the slream-lmes is not negligible either at the spot 
where the state is established, or at that where it is destioyed to give 
way to variable motion dowu-stieam, so that these Tot tenia of modetate 
slope partake of the two othei kinds of watei-couise under the relations 
in question 

9 The author ariivos (§§ xviii, xix) at the complete equation just men- 
tioned by taking count of the ciirvatuies, and pieseiviug in the investi- 
gation the dynamic portion of the piCf-siiic- I'uc to ihe lr''i''Vci:.u 
components of the acceleiations oi to iTic doviai'ug loi>.i.s ct u''uia 
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They aie expressed by thiee diffeiential terms, which he eiiooeeds in 
reducing to a single one by means of the equation of continuity, when the 
channel is supposed to be of constant width 

The calculation of these foices, and its lesult in paiticular, would be 
of excessive complexity, if earned out with stiict legard to the diffeience 
of velocity of diffeient stieam-lmes So tho anthoi confines himself to 
indicating the steps , and as the teims due to the centrifugal foices are, 
aftei all, very small compared with the lest iindei the conditions supposed 
to bo fulfilled, he replaces in the leduction of the new tei-ms nil these 
velocities by then mean U 

He finds by two appioximations obtained ns above that, if i denote the 

bed-slope of the channel, h the depth of the watei, and theiefoie 

the cuivature of the bed, 4^ = 4- — ^ that of the suifaoe, it is suffi- 
’ da da da ’ 

cient, in consequence of the equation of oonseivation of volume /lU = 
const , to subtiaot fiom the term (1 -f- -j- g) A equation 

(Art 5) of motion in straight lines the expiession 

an , , fPi \ ,, r, d^ /u»\ , , tj= d?i-\ 

to obtain the equation of motion in cuived lines 

This equation, like that proper to rectilinear motion, enables the nu- 
meiical determination by successive appioximation of the succession 
of surface-slopes which a given dischaige will cause in a ouiient, by avei- 
aging a few moio initial data 

10 But it yields also several general results In fact if it be assumed 
first ( § xx) that the ied has no curvatwe, or that theie is none except at 
the water surface, it i educes to a differential equation of thud ordei in h 
and s which becomes linear and mtegiable when, instead of the vaiiable 
depth A of the water, the ratio ■W = — g— by which that depth exceeds 
the depth H coiiesponding to a uniform motion with same discharge is 
taken foi the unknown quantity, and when that ratio is supposed not very 
great The integration gives Mi Bonssmesq, in the discussion of its 
results, a large numhei of curious propeities relating to the places where 
uniform motion begins or ends The mtegial is the sum of thiee expo- 
nentials multiplied by arbitrary constants, sometimes finite, sometimes zero, 
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With exponents, wheieof one is always real, and the other two sometimes 
leal, Bometmiea imaginary The peiiodic foim which results fiom the 
oconneuce of imaginaiies shows that in those paitsof Eiveis oi model ate 
ffoueMts wheie mnfoim motion begins, the fluid surface is affected by a 
tiain of tiansveise waves all of the same size lengthways of the ciirient, 
with heights TW H lapidly decreasing, and soon effaced inpiooeedmg 
down-stieara oi towards a longitudinal rectilinear asymptote about which 
the wavy suiface vibiates The exponentials have leal exponents, and 
there is no undulation at the spot wheie niiifoim motion begins in the 
case of the toiients classed above as lapid, and also at all the places hiheie 
this state is destroyed quietly in the case of Riveis, and with “ afflux" 
(lessaut) in the case of Toiients 

But the “ afflux” (lessaut) m the case of modoiate oi not voiy rapid 
Torrents does not take place quite abiuptly In fact in the diffeiential 
equation relating to them, and in which the piopoitionate elevation tw is 
involved in the third order, it is neoessaiy, in oidei to obtain its value 
beyond a oeitam magnitude, to pieseive tbe most impoitant of the terms 
which pi event tho equation from being liiioar It is then to be solved 
by a process of successive appioximation tbis piocess gives an expies- 
Bion which by its form facilitates the study one by one of the vanous 
paits of the longitudinal section of the “ afflux” (lessaut) 

These poitiona which merge into one anothei aie alternately concave 
and convex The authoi sucoaeda by othei artifices of approximation ui 
caloulating the oidinates of the summits and hollows of these waves 
which rise by steps to the level of the top of the “ afflux” (leasant) 

The experiments of Mi Bazin lend a remarkable confiimation to this 
theory The numerous cases of “afflux” (ressaut) which this engineer 
has experimented on are some long and some shoit The former are 
produced in modeintely swift Torrents, and are always foirowed by trans- 
verse waves ns if the upheaval of the water was as it were hesitating and 
ill assured The latter, produced solely m watoi-couises of high slope, 
aiethe only cases m which tho water surface rises without oscillation all at 
once, and as if vigorously pushed by the following water, although there 
is sometimes even in this case, but after the Swell and not below it— a 
certain number of tiansverse waves 

11 Eeintioducing the cnrvatuie of tho bed, two interesting articles ate 
devoted to studying tho effect which it may have, especially when it is 
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alternating or m two opposite directions, on the fluid siiifaoe, the mean 
depths being a little above oi below those of nnifoim motion with same 
discharge and same general oi mean slope of bed The integiation is 
especially easy when the ciiivature of the bed piesents undulations all of 
same length supposed sensibly gieatei than the depth of watei And if 
they be also of same height, the lesult shows that the suifaoe will itself 
pieseiit legnlni undulations geneially in advance of those of the bed, but 
synohionons in one lemaikable case 

Of all watei-couisea, Toiients of modeutle slope aie those whose suiface 
lepcats to the fullest extent leguhi undulations in the bod Rapid Tor- 
rents come next, and those which have the highest slope dimmish their 
veitical height, &c 

12 The thud and last part of Mi Boussmesq's memoiis (§ xxvi, at 
the end) treats of non-pei manent motion supposed always slowly varying 
Dupuit was the fiist to seek the equations thereof, one of the two which 
he has laid down, that winch expicsses continuity or consei ration of 
volume of the fluid sections is exact, but applicable only to a i octangular 
canal, with velocities supposed all equal through any one section He was 
mistaken m the othei, and one of us has established in different teims 
this pimoipal equation into which the slope, the ineitia, and the friction 
Over the bed entei 

Ml Boussinesq, after having verified it foi the case pioposed in the 
same way ns the extension, which had been given to the foimei for all 
figures of section and all distributions of velocity, has succeeded in estab- 
lishing the pimcipal equation, taking account also of the inequality of 
velocity of the different stream-lines, and even afterwards of then ouiva- 
tnie, by making use of the same formula for inteinal and external fiiotion, 
as well as of the same method of successive appioximation which he had 
used in the case of steady motion 

Thid equation, together with that of continuity, expressed with the above 
notation, except for a numeiical coefficient, vtx , 


= 00149 on the* avei age, 

are for the case of a lectangular channel, noting that % — ui = h, and 
neglecting the curvature lu the fiist mstanoe, 


» The nutljoranaB that tins coolBoiont 19 BcmlblytheBamanBS)) - J S = 8 - (tt - l) 
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He tiansforms the foimei of these two equations hy help of the secoud 
and intiodncing the slope of the bed 



at the same time that he assigns to the fiictioii ovei the bed Pu of the 
case of iiuifoim motion a value p^SU^, wheie S is a coefficient supposed 
as above only slightly vaiiablo, he diaivs thence further on vanons con- 
sequences 

When the bed and suiface have cuivahue of sensible magnitude, de- 
noted '°7 ^ ifc 19 necessaiy in calculating tlieir small 

effect in the same way as above, as if all the velocities weio equal to the 
mean U, to add to the second membei of the foimei equation the teim 

p h r ((m 2 <pii _i_ _ 1 

g L V*'* U dPdt + U iU(U‘) ^ cZjO 
But the author lemaiks fnither on (§vxxvi) that theie are oiioum- 
stanoes, for instance in the investigation of the piopagation of waves in a 
diieotion contiary to the motion of the watei iiia channel, in which the 
inequality of the velocities may affect the magnitude of the eeiitiifugnl 
foioes , and he gives the results of long investigations fiom which there 
aiise teims involving the second diffeientials of h, besides those which 
involve the thud diffeientials 

13 Without enteiing into the nnineious caiefully worked out details 
which this delicate and difficult pait of his inemoii contains, we may men- 
tion succinctly the application which he makes of the equations of non- 
peimanent motion to the investigation of the piopagation of waves and 
swells in sloping channels, in which the watei is animated with a perma- 
nent motion appioximating to a unifoim state 

He finds foi the small elevation K of the watoi above its piimitive sur- 
face 

h' = P, (a - 0 + P, (s - «), 

P„ Pj being two aibitiaiy functions, and the two being given by a 
foimula with a double sign approximating to 

Uq = (1 + 1 9 Uq db a/ H — 2 ij) jK + 1) Uo h 
Wheiein Uo is the pumitive mean velocity of the water, H is its depth, 
and lastly rj is the small number whose aveiago value is 0174 defined 
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above (Ait 5), and whoae pieaence in this formula measures the influence 
of the inequality of velocity of the stieam-lines acioss each section 
This expression for gives m absolute tcims the velocity with which 
a wave is piopagated in the channel according as it advances up or down 
stieam It would lediice, without the inequalities in velocity of the 
stieam-lmes to the expiession ± of Lagiange and of J Scott 
Russell, which suffices m many cases, but not when treating of waves 
passing up a curient of small velocity , and Mi Bavin has noticed in fact 
that the expression ~ then too high values 

Ml Bonsainosq finds also that waves of small height may pass up the 
ohannel of a Rwei but not up that a Tonent aud this too agiees with 
Ml Bazin’s expeiiraents 

14 After some consuloiatious on the reflei-iou of waves, producing 
composite effects, which aio lepresentod by the sum of the two aibitiaiy 
functions F„ F above, Mr Boussinesq passes on (§ xxix) to the closer 
appioximation losultmg fiom taking oiuvatuie into account 

To this end, in the equation whoiem are involved the small height h' of 
the wave oi swell and the small increase of horizontal velocity which reeults 
fiom its foimation, he rendeis linear the teims which aie not so by sub- 
stituting theiom foi those two unknowns the values which had been found 
m the fiist appioximation The equation la then easily integiatod by in- 
troducing theioiii as a new unknown (as had been done in a foimor me- 
moir), the velocity or celenty of piopagatiou piopai to each point, an ap- 
parent velocity, which he defines most neatly as the space through which 
a tiansverse vertical plane having always the same volume of the heaving 
watei in ft ont of it advances m a time-unit Ha finds thus foi this colei ity 
M, one of those ]ust denoted by multiplied by a timomial, whose fi.ist 
term is 1, whose second is multiplied by the height of the swell at the 
same paiticulai point, and the thud by its second difterential coefficient 
with respect to the longitudinal abscissa, witli luimeiical coefficients which 
in the rnemoii quoted weie of simple foim, appioximate only because the 
differences of velocity of the stieam-liues were not theie taken into 
account! 

16 Oonsideimg m particular (§ xxx) the case of waves which are pro- 
pagated in a liquid in lepose, the author determines all the cnoumstances 
of them, such as the height of then centie of gravity, the celerity of pro- 
pagation proper to this centie, the energy of the wave, oi the woik which 
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It would produce during its effaoement if the fluid returned to rest, its 
moment of instability, denoting thus (§xxxii) the tendency to deformation 
in its advance, and even to separation into several othei waves, and lastly 
the curved figure of its surface 

This form is stable, and the moment just named is at a minimum for 
the particular wave styled solitary by Mr Eussell 

It IS the only one which is not deformed in its propagation, or which 
enjoys that longevity which the same evperimentei attributes to it 

Mr Boussinesq finds also (Art 161), and which is also confirmed by 
experiment, that when a wave is propagated in a channel whose depth de- 
creases m the direction of its propagation, as it lesnlts from the supeiposi- 
tion of a direct and of a reflected and mcieasing portion, it becomes m 
its advance less bulky and more elevated, and consequently shorter and 
less and less stable until it gives way at the base and pioduces that 
state of “ breaking ” which is observed on shoies of gentle slope, a well 
known phenomenon, which has not hitherto been so completely ex- 
plained 

The contraiy would take place if the depth of water continued to 
inciease 

16 When a swell is supposed continuous (§ xxxiii), like that produced 
by the influx also continuous of a constant quantity of water at any point 
of a channel with water oiiginally still, the same analysis proves that its 
velocity of piopagation, or the length by which it increases per time-unit 
IS about V? (H + 3 A'),if H is the primitive depth of water, and h' the nearly 
constant height of the swell But if it be consideied what ought to take 
place at its ciest oi m that part of the swell which advances in front, it 
is seen that the height cannot there be the same as m the rest, for it has 
necessarily a curvature, which accoidmg to the formula with tho trinomial 
paienthesis just mentioned, would rendei the velocity there sraallei thau 
in the successive poition Tins latter part would spread over the format 
and Would swell it up until its velocity increased by this alone became 
the same Thus is explained the prominent initial wave which has been 
constantly obseived by Mr Bazm 

But this 18 not all This crest or initial wave cannot merge mto the 
rest but by a suifaco having a concave portion, which deleimines by a 
development of centiifngal foice m increase of velocity which tends to 
bleak it up whence a tiain of alternately concave and oouvex portions 
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or of waves of less and less lieight m receding , as experiment also 
shows 

Ihe same law of the velocities of propagation of the diffeient parts of 
a wave according to their height and ciirvatnie gives also account of the 
more rapid change of foim of negative waves, viz , snch at> have hollows 
instead of swellings 

17 When continnons waves, formed in succession and superposed 
have a barely sensible cm vature, the curve forming the envelope of then 
crests at any given instant can be found by an easy integration It is a 
solution of the pioblcms of tides and floods in rivers, but giving certain 
results only when the total height of the swell is but a small fraciion of 
the piimitive depth of the water When it is greatei another hind of 
solution becomes necessary 

In three later articles (§§ xxxv, xxxvi, xxxvu), the author determines 
the modifications which the conclusions undergo when the oiiginal slopes, 
curvature, friction at woik, and inequality of velocities are all taken into 
account at once He finds (§ xxxvi) that waves decrease in height gra- 
dually m their propagation along a ciiirent especially when proceeding 
up-stieam, and the more so as the velocity of the ourient is higher 
This also has been observed by Mr Bazm 

As to the efiect of faction and of bed slope not on the height, but on 
the celerity of propagation, it is to decrease or increase ib with respect 
to an obseiver animated with the velocity of the curient, according as 
wares pioceeding down-stieam oi up-stream aie m question The lead- 
ing portion of a sufficiently long continuous wave advances thus generally 
qmokei than the body of the wave, whence it follows that the wave be- 
comes thinner in such a way as to turn its concavity or convexity upwards 
according as it is positive or negative This is the effect which Mr 
Bazin has noticed in very long waves proceeding np-stroam, and it is per- 
ceptible oven in ripples (lemous) propagated along a horizontal channel 

18 These ilnmeions lesults of a high analysis, based on a circum- 
stantial discussion, as well as on judicious comparisons of quantities of 
various orders of minuteness, sometimes preserving them, eometimOs 
neglecting oi rejecting them, and their constant agieement with the re- 
sults obtained by the most careful experimenters and observers have 
seemed to ns the moie remai table 

That which seivea as the basis, to wit, the formulsa whicli have been 
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mentioned in the first pait of this report, formulte based on a distinction 
of two sorts of motion m liquids and established by the aiithoi, after 
having proposed, for the calculation of the mutual friction between then 
layers oi stream-lines, expressions which take into consideration their state 
of vauous intensities of agitation, and which give moreover results 
which are verified by actual fact, seems to us to give the solution in a 
new and happy manner with the desiiable appioximation, as fai as it is 
possible to judge thereof in the piesent state of knowledge, of important 
questions having a practical bearing, and which have often been the aim 
of long and barien attempts 

The authoi’s work is, as has been seen, conceived and executed in a 
spirit consistently positive and concrete, even though oalliug to his aid 
the resouTooa of an advanced theory 

We consider it then as well worthy of your approval, and we propose 
its insertion in the “ Eeoeuil des Savants Eti angers ” 


'Jianslatoi’s Note The Repoit above given abounds in references to Woiks on 
Hvdromeehanics and Hydiauhcs, cbiefiy Fiencb, and mostly accessible only with 
diffloulty to English loaders (especially m India) It has not been thought woith 
while to reproduce these 
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SCANTLINGS OF DEODAR TIMBER FOR FLAT ROOFS, 

[Vjrfa Plate] ^ 

Comm/iiwicated hy the Secy to Gofoernment 1‘unjah, P W Pepaitment 
Eastracta of Circular No 44, dated Lahoie, November, 1877 

The calculation of the eoantlinge of deodar timber for flat roofs has 
been subject to uncertainties and inaccuracies from various causes 
It had appeared that the coefficient of strength in ordinary use 
deduced from experiments on deodar made at Attoefc in 1856, and at 
Roorlroe in 1858, was too large And the results of the expeiiments 
recently made show that this was the case 
One of the chief causes of the erroneous results obtained from the 
old experiments referred to, — a probable cause of error in most experi- 
ments of the kind, not in India only, — ^is the small size of the specimens 
with which the experiments were made It was with reference to this 
defect that a set of five expeiiments were made at Chatham a short time 
ago on pieces of Memel Fir of large dimensions, the results of which 
were published m the Royal Engineer Journal, Match 1st 1876 The 
nature of the error is, generally, that the strength, deduced from exper- 
iments on small pieces, is too great 

Again, scantlings calculated from the Strength formula, dependent on 
the coefficient obtained from breaking weights, even if correct, are not 
always sufficient to secure the required stiffness And it was necessary to 
calculate the scantlings likewise by the Deflection formula, and adopt the 
larger result The mode m which the nso of the stiength formula only 
has been made to answei the same purpose, according to veiy usual prac- 
tice, was to apply such afactoi of safety asensuiedits covenng the lesiilt 
given by the othei method But this was not an accurate piocedure 
though, considering the very various results of even the best experiments, 
its inaccuracy may not have been gieator than that of the experimental 
data it assumed 
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The very vanoua results of expenments, above adveited to, indicate a 
cause of possible defect oi failure, in practice, of individual pieces, without 
implying any defect or erroi in the calculations But this vai lety of results, 
noticed in all series of experiments on small pieces, is exhibited likewise 
in the Chatham expenments on pieces of dimensions adapted for use in 
actual constniotion (length 17 to 19 feet, scantlings 5 inches by 12 inches 
to 12 inches by 12 inches), which showed “ that not only is the strength 
of timber of the same quality very variable, but also that the two halves 
of the same log are by no means of the same strength, " (see page 47 ) 

A number of experiments, on pieces of good size, reduces the eiror 
that might be caused by this great vaiiation, and gives mean values, 
which, as mean values, may be accepted But then, in applying this 
mean value m practice, we have to remembei that it may be no nearer the 
representation of the actual strength of any single piece wa arj using 
than is the average of the results of the experiments to either of the 
extremes The piece we are using may be one which, if tried, would 
bring out one of the maximum results, or one of the minimum For 
this reason, as well as because no piece must, m nn actual stmoture, 
be subjected to more than a small proportion of the force that would 
destroy it, must a large factoi of safety be applied when using formulm 
based on breaking weights 

The amount of the factor of safety is, in a measure, arbitral y It is 
based, as fairly as possible, on experience Different figures are accord- 
ingly assigned by difterent persons And it is easy to see tjiat, when 
the coefficients deduced fiom experiments have been so uncertain, there 
IS room for muoh variety also in the experiences of actual practice, and in 
the factor of safety fixed by careful and accurate practical men 

It 18 seen that we are yet far from having veiy certain data for cal- 
cnlation of scantlmgs of timber by the Strength formula But, while 
on this account avoiding over-iefimement, and the enor of treating as 
precise such experimental data as can be only approximate, it is Very 
important to make the data, for both methods of calculation, and the 
mode of dealing with them, more accurate and tiustworthy, by numerous 
careful and well-conducted tiials and observations, both on strength 
and on stiffness This was the object of the experiments recorded in tl e 
accompany mg papers 

Among the varieties that have been notreed of the btiongths of the 
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same kind of timber, it has been obseived that wood obtained fiom dif- 
ferent places showed different strength The mean of the coeflBoients 
deduced from the bieaking weights of deodar from Gaihwal, tried at 
Eoorkee, was highei than that of a ceitam Punjab deodar tiied at 
the same time It had been suspected, after some experience of it, that 
the paiticular wood m question, m use in the Punjab, was not so strong 
as other wood of the same kind which had been used elsewhere, and it 
was to teat this that these expeiiments weie made 

The conditions which it has been thought might possibly affect the 
stiucture and stiength of wood fiom different places are,— the eleration 
at which the tiees giew, and the moistme or dryness of the locality 
affecting the rapidity of giowth and compactness of the annual rings 
Also the time at which the timber was felled, the time that has passed 
since, and the kind of seasoning it has had, or tieatment to which it has 
been exposed 

Oppoitumty has been taken to consult the Inspectoi-General of 
Forests on these and other points Dr Brandis is of opinion, that 
nothing at piesent known regaidmg the stiucture of tiees giown under 
different conditions gives leason to believe that the strength is affected 
by the elevation at which they were giown, or the moisture of the oh- 
mate But that the working quality of the timber may certainly be 
affected by the time it has been felled, and the manner in which it has 
been tieated Dr Brandis has also observed that the oiicumstanca 
of pines having grown close together or far apart has an effect on their 
strength , on this wise, that the formei being moie straight, with fewer 
blanches and fewer knots, are on this account stronger than the others 
whose growth is more fiee and varied 

With reference to these enquiries regarding conditions possibly affect- 
ing the stiength. Dr Brandis has diieoted attention to the remarks on 
the subject m a shoittieatise* by MM Ohevandier and Wertheim on the 
mechanical piopeities of timber The results of the experience of vari- 
ous authoiities aie quoted with lespect to the circumstances affecting the 
structme and stiength of tiees and different paits of them, — the in- 
fluence of soil, — the effect of late of growth,— the difienng strength of 
pieces of equal scantlmg cut from the branches and fiom the trunk, — 
and of pieces fiom the upper and lower paits of the tiunk, — and from 

* ios piopildt^s rntLaiiKiuchdu BolBy piu. MM 1£ Ohe>am)ici Wcitboim 
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different parts of tire tiunk from the middle to the outside (see above 
page 46 ), — the effect, on different sides of the tiee, of exposure to different 
points of the compass, — the difference of the timber of trees of different 
age,. — of wood lecently felled and the same when dry, — the relation be- 
tween weight and stiength, — and, m connection with this, the different 
densities of the trunk neai the loot and furthei from it 

With regard to some of the most important of these ciicnmstances, as 
the authors of the tieatise referied to observe, the diversity of the results 
and opinions quoted leaves the questions m much uncertainty Ihe m- 
fluencQ of some of them appears to be confirmed by the investigations of 
MM Cbevandiei and Wertheim With others of these oircumstanoes 
they found the quality of the wood not to have any determinable con- 
nection 

Nevoitheless the influence of these vaiious circumstances, oi of some 
of them, (though the nature and degree of that influence is uncertain,) 
may possibly so affect particular specimens of timber , or a whole collec- 
tion, as to vitiate tho oonclnsiona drawn from a set of expenments, or 
disturb the expected lolation between stiength and dimensions of pieces 
used m actual construction It is manifest that with so many possible 
causes of difference in the stiength of diffeient pieces of the same wood, 
a great niimbei and variety of expeiiments would be necessary to furnish 
data of the piecise kind that is desirable for piaotioal application And 
every oaieful and aoouiate contiibution to this knowledge is of much 
piactical value 

The experiments on transverse strength have been made with pieces 
of larger dimensions than ordmarily used in previous similar experiments, 
and are thus of higher value 

The experiments are not m sufficient numbei to furnish any very de- 
finite conclusions, but they appear to show that in resistance to C? ushing, 
wlneh IS more directly exhibited in the experiments on the shoiter pieces, 
the JheluTjl timber is stronger than that liom the Chenab in the piopor- 
tion of 1 to 867 And stronger in the pioportion of about 1 to 946 in 
resistance to ptesswe mQi flexure, as shown in the expeiiments on the 
longer pieces 

It will be seen that the crushing stress pei square inch is less m these 
Pniijab Deodars thin that assigned m the oidinaiy published tables to 
the buvei il dosciiptions of European and Ameiicaii pines But without 
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hnowmg how far the methods of trial from which the -fignres are deduced 
were similar, no proper comparisons can be made 

As a contnbution to our knowledge of the strength of timber, the ex- 
peuments shown in Table III on resistance of Deodar timber, from the 
forest of the Ohenab and Jhelum, to direct pressure conducted by Mr 
D Kirkaldy, a man of known skill and accuiaoy, with the most suitable 
means and appliances, will be of much value 

The experiments and the observations recorded m the accompanying 
statements, so far as they have gone, aie believed to furnish very useful 
additions to our knowledge on the subject. The chief practical oonclu-r 
siona are these— 

( 1 ) In the application of the stungth formula for calculation of 

scantlings of deodai timber undei transverse strain, the 
coefficient should be taken as 800 

(2) The faotoi of safety to be applied should bo 6 

( 8 ) The formula and notation here understood aie— 

to = -^ X C-/ 
orW= . 2 ^ X 0 -/ 

Where w, represents the working or safe load in lbs at the middle, 

W, the distributed safe load = 2 «o> 
b, d, breadth and depth, in inches, 

L, length, m feet, 

C, the constant for transverse strength, ex 800 for deodai, 

/, the factor safety, = 6 
Applying these figures the formula is— 

W = 100 ^ 
and cf = 

auu a —j 

If a fixed ratio of breadth to depth is assumed, called r = 7 , then 

J luo 

A fixed ratio of breadth to depth is not necessary The large propor- 
tionate depths, or small pioportionate breadths, of flooring joists, accoid- 
ing to common English usage, can usefully be applied in many instances, 
the thin timbers being properly supported by cross bracing to preserve 
their true position of stiengtU 
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Executive Engineei , Lahore Dtmszon, on the Stiffness and Sti ength of 
undei Central Loads 


ale ofiteeipl of Speeimem ] eih Jpi tl 1S7B 

, of commencement of Bipenments lOtft A/ery 1870 
o/conclunoH of , OOiJi/ciusI 1870 


Shaip oloso fnictnra oracUd with 38 mannds 

Has tluce knots Halt apllt m middle and broken ivlth a long tiaotui n 

Long splintery fracture 

Broke In tUioo piooce with long splinters 

Bioko In long splintors (had a daw In the middle) [In the mlddlo 

Bkarp close fractuie closely Interwoven bod a knot on the lower pmt 
Bhoap close fractme laad a knot in the middle just below the loud 
Bplbiteiy traotUTO 
Broken with longspllatoia 

Bhaipdoso fracture * 

Ditto 

Very long splbitory fracture the piece had a flaw In it 

Knot In the middle , fracture long spllnteiy 

Ptasvin ditto, ditto ditto 

Long splintery fracture 

Vci 7 long sphiitorj fiaotme 

Sharp close fraotnre 

Sharp close Ikaoturc above and long splinters below 
LongspUnteiyfiaoluio below and sharp close fracture on upper port. 
Sharp close fractuie on upper part, long splintery below 
Ditto ditto ditto 

Long epUnteiy fracture 
Bharp close fracture hod flaw at the top. 

Sharp close fracture 
Bpllnteiy fractme 

Sharp close fiaotme at top and BpUnlei 7 helow 
Sharp oloso ftnetnro 

Had a knot In tho middle Sharp close fiaotnre 
Vrcoturelongepllntoy [at one ol tho knots 

Had two largo knots fraotnre splintery at ono foot fiom the oentn 
Sharp close frocturoabovo, and long splintery below 
' Sharp close tractate 

Q>,f n rln=e fractnre on thonopoi ddo and lone snllntory below 
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ON A METHOD OP AVOIDING TRANSHIPMENT OF 
GOODS IN THROUGH TRAFFIC BETWEEN BROAD 
AND METRE GAUGE RAILWAYS, BY THE USE 
OF VEHICLES WITH MOVEABLE BODIES 


By Cam W Sedgwick, BE 


Thu body of a covered goods wagon costs about one-fifth of the price of 
the entire wagon The cost of the body m ballast, bigh-sided, low-sided 
and timber wagons is less than the cost of the body in covered goods 
wagons, and in the case of third class oairiages, horse boxes, carnage, 
powder and luggage vans, the cost of the body is somewhat greater than m 
the case of covered goods wagons Hence the present mode of construc- 
tion, by which the bodies of all classes of vehicles are permanently fixed to 
the frames and wheels, does not seem a very economical one for it obliges 
a railway to provide as many frames and wheels or expensive portions of 
vehicles as there are vehicles on the line , and it also obliges the frame 
and wheels of a vehicle to remain idle, while the body or inexpensive 
portion IS being loaded, unloaded, repaired or kept m reserve for contin- 
gencies, 

Thera seems no valid leason why there should not be one pattern of 
frame for all the commonai desciiptions of vehicles, or why the bodies 
of these Vehicles should not bo mounted on small trucks oi runners, so 
aa to bo readily run on to or off fiom the finmes and wheels when neces- 
sary Then, if hues of light rails weie laid on platfoim*. raised nearly 
to the level of the tops of the frames of the vehicles, the loaded bodies 
of the vehicles could, at the end of a journey, bo nm off the fcaraos, and 
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empty bodies, or bodies loaded for outwards traffic, iiin on, in then place, 
and taken away Also a stock of bodies could be kept in reserve, so 
that, whenever any particular desciiption of tiaffio was brisk, bodies, to 
suit the traffic, might be mounted on the available fiames and wheels 
In this way, a line could have as large a caiiying power as at piesent, 
with a oonsideiable reduction in first cost of vehicles 
A method of working similar to tins is in use on the Eisenerz Eail- 
way in Styiia, on winch vehicles, lunning on portions of the line with 
easy gradients, are sent np and down the inclines at the Eiseneiz mines, 
on frames built foi lunniiig on inclines only 

Howevei this method of woiking seems to be chiefly of impoitance, 
because it enables the tiansbipment ot goods in thiough tiaffio between 
broad and metie gauge lines to be dispensed with 

Since a metro gauge covered goods wagon takes five tons, or exactly 
half the load of a full sized bioad gauge wagon , it is plain that, by using 
axles a little stionger than those m oidmaiy use m broad gauge vehicles, 
it will bo possible, at junctions, to lun two loaded metie gauge wagons on 
to each set of broad gauge wheels available, by putting a liglit fiame, 
oariying two pans of rails for metre gauge wagons, on to the broad gauge 
wheels When tiaffic offeis at broad gauge stations for the metie gauge 
Ima, the cousignmouta will have of oouise to be loaded m metre gauge 
wagons obtained for the purpose It will be necessary to piovide plat- 
forms carrying light metre gauge rails to enable metie gauge vehicles to 
be run on to or off from the bioad gauge fiames 
The accompanying drawing shows a pail of metie gauge wagons mount- 
ed on a broad gauge frame It will plainly be necessaiy to' make the 
metre gauge vehicles of the same length as broad gauge vehicles, and at 
the same time to reduce the width of the metre gauge vehicles to about 
five feet The metre gauge wagons when on the broad gauge frames aie 
prevented from Bhifting by double-headed books catoliing two eyes on the 
ends of the metre gouge wagons as shown at Fkj S The double-beaded 
books are secured to the ends of the bioad gauge frames, and can be 
opened or tightened up by screwing up or unscrewing nuts on the lengths 
of screw thread at the ends of the hooks 
The broad gauge frames used for thiough tiaffic with a metie gauge 
line can be provided With moveable bodies, so as to woik as bioad gauge 
Vehicles when not leguirad for through tr iffic Doubtless some few diffi- 
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CuUies will be found in starting a system of this sort , but no difficultioa 
of a formidable nature aie likely to arise 

It IS plain that if this method of working can be mtiodnoed, it will do 
away with the most formidable objections which now exist to the use of 
the metre gauge for bianch lines 

To reduce the dead load of vehicles with this system, it would be 
well to make the bodies of metie gauge wagons moveable The bodies 
alone of the metre gauge wagons would then be sent on to the broad 
gauge line 

W S 
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DESCRIPTION OP A PLAN FOR FACILITATING THE 
CONSTRUCTION OF THE STEINING FOR WELLS 

[ Vxit Plate ] 


Bv W Bull, Esq, Asm Imt OE 


By all who have had experience xn well building and sinking, xt will 
have been noticed what oonatant care is necessary to keep the masonry of 
a well truly cylmdiioal This is more difficult as a well gets out of 
the perpendicular, which at some period happens to nearly every well 
sunk This can be almost, if not entiiely, obviated, and an absolutely 
true oiicle of the same radius be ensured by the use of a cylindrical 
templet, of a diameter equal to the outer diameter of the well, and inside 
which the briokwoik is to be built This plan was fiist designed for, and 
used in, the construction of Iriigation wells, with a view to facilitating 
the building simultaneously with the sinking With dredgers or moats 
Coming out constantly, it is veiy difficult for a mason to use either tem- 
plets or straight-edges as applied by hand With the cylindrical templet 
neither of the above or any plumbing is requued 

In constiuction the templet will bo as shown in the accompanying 
Plata 

For a larger siaed well the paits should be proportionately heaviet 
The cjlindiioal templet can be used in two ways First-^on starting 
the brickwork of a well it should be placed on the curb, which m nearly 
all cases is of a slightly greater diameter than the brickwork is intend- 
ed, to be Four couises can then be built The templet is then to be 
raised six mohes, and suppoited xn four places by a flattened nail driven 
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111 betweoii the 2nd and 3id couises Two moie courses aie then to be 
bmlt, and the templet laised ns befoie, and so on legulaily The planes 
of the couises being parallel, the outoi face of the brickwork ninst be 
piualld to the axis of the well, whethoi the lattei be peipendiculai or 
not 

The aocuiacy with which a cylinder can be built with this templet is 
really astonishing, and the masons taka to it at once with the gieatest 
readiness 

The second method of using it is more applicable to Irrigation wells 
built with radiating bricks without mortar By means of it the building 
uud sinking can be earned on togethei We will suppose then a length 
of say 20 feet was built in accordance with the first method, and sunk tdl 
the top is on a level with the gionnd A course of bricks should then 
be laid with a use equal to the thickness of one oouise in one circum- 
ference A wooden fiame should bo constructed exactly like a dooi frame, 
only square, laigo enough to fit fieoly on the outside of the well This 
should bo flimly supported and fixed, lesting on the giound or some way 
free fiom the masoiiiy of the well, m the same plane as the top of the well 
before the sloping coiuse was put on The cylindrical templet lests on 
this As the well sinks tlie casing can be built in the spiral endless couiso 
winch lesults fioni the sloping one The saving in labour by this method 
is Toiy great Any smart coolie can lay the bucks, and it is difficult for 
him to do it incorrectly The saving in time by woiking on this principle 
is so gieat, that an Iiiigation well, which, if the bucks aie well burnt, 
gives as poimanent a job as can be desiied, can be easily sunk in ten 
dfvys to a depth of 50 feet 

The object of the spiiel coiiise is to save all cutting, as it is almost im- 
possible, owing to iiiegnlaiity of shimkage of the bricks, both in diymg 
and burning, to get them sufficiently accurate in shape, to enable a couise 
to be formed with a fixed number A few half bucks should be prepared 
to bleak joint when it may be necessaiy 

The method lesulting fiom the use of the templet and spnal course, 
although wood has been successfully worked, but the water would be much 
obliged if peiBons trying the plan would communicate to him their 
iincoess 

W B 
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By W A Fbanoebn, EsQ.Di^y Supdt Booilcee WoiLshops 


Os tli0 Oth of Febuiaiy, 1876, 1 made tlio following obseivations on tho 
weight of a packed crowd of native? 

I put 102 beldars employed it the Woikshops m a room measuring 
9 feet 2 inches by 9 feet The men weio selected at landom without 
reference to weight, but only adults were taken 

The men weio allowed to pack themselves, no oytianeous foice being 
used, BO that the conditions were such as might occui in a ciowd 
The results wore as follows — 

Nuinbei of men pnokeil, , 

Space in which packed, 

Total weight 141 mds 29 sre 8 1 hts , at 82 286 lbs pci md , 

Weight per Buperfioial loot, 

Average weight of each man, 

Maximum do do , 

Minimum do do , 

Febiumy 2th 1876 


= 102 

== 82 6 s ft 

= llbOS 08 Ills 
= 141 87 „ 

= lU 34 „ 

= 130 88 „ 

98 80 „ 

W A F 
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ON THE WEIGHT OP A PACKED OEOWD OP NATIVES 


By W A PnANOEBN, EsQjDtjjy Supdt Boot Ice Worlshops 


Os tlie 9fcli of Pebiuaiy, 1876, 1 made tlie following obseivationa on the 
weight of a packed oiowd of natives 
I put 102 beldars employed at the Woikshops in a room measunng 
9 feet 2 inches by 9 feet The men were soleetod at random without 
refeieuce to weight, but only adults weie taken 

The men were allowed to pack themselves, no extraneous foioc being 
used, so that the conditions wore such as might occur in a crowd 
The results were as follows — 


Nnmbci of men packed, 

Space in which packed, 

Total weight 141 mds 29 sra 8 1 hts , at 82 285 lbs per md , 
Weight pel snpoiGcialfoot, 

Aveiago weight of each man. 

Maximum do do , 

Minimum do do , 


= 102 

= 82 5 s ft 

= 11C03 08 l)Js 

= I4l 37 „ 

= 114 31 „ 

= 130 88 „ 

= 93 80 „ 


Febiumy dih 1876 
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2 THU “OHIN OHIA” OB OH1NK8E OHAIN POMP IN THE LAHUT TIN MIHLS 

to the tioBgh An endless wooden chain, with wooden blades, about oiio 
foot apart, on each side of the link, is exactly fitted to, and works in, the 
wooden channel, passing over two pulleys, oi, moio coriectly, spiooket 
wheels, one at the uppei, and one at the lower, end The uppei pulley is 
on the axle of an overshot watei-wheel, driven fiom the tail race of 
the mine higher up, oi directly fiom the head race, and the pulley at tho 
lower end of the pump, which is submerged, guides the blades which 
travel down the platform and up the trough, the watei diawn up by 
the floats being dischaiged into a channel at the head Bieaks aie 
also provided to prevent a retiograde oi downwaid motion of the blades, 
and the seiious consequences m tho trough in the event of the chain 
sepaiatmg, or tho stream of watei in the oveiflow or shoot being sud- 
denly shut off In some of the smaller woikings tho pump is woiJied 
by ooolies, by means of a treadmill on the shaft of the upper pulley, 
and m a few instances formerly bnflfaloes aie said to have been the 
motive powei 

The water-wheels in the Larut mines (some 84 m all) are from four 
to five feet diameter, and fiom two to three feet bieast The fall at 
each pump, its lift, and peifoimance vary, and the following are the 
means deduced from six pumps selected indiscriminately, the measure- 
ments being taken on a moining sucoeeding % night of heavy lain, when 
the wheels were woiking nndei favouiable conditions — 

Fall, 6^ feet , 

Lift, 13i „ 

Dischaige, pei minute, 6 36 cubic feet, 

„ poi horn, 2,385 gallons , 

Hatio = 22, 01 between ^ and ^ , 

Trough, inclination, , 

„ length, 87 feet 

An example would, perhaps, better illustiate the foregoing descrip- 
tion and results 

Fall = feet , 

Lift = 25 feet , 

Discharge of overfall oi shoot = 2^ X i X 2| (velocity), 

= 8^ cubic feet per second 

The wheel made ^ i evolution per second, and each revolution coii'es- 
ponded to 6 blades of the pump, so that ^ x 6 = 2 Wades were dis- 
charged pei second 
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Dischaigo per blade = 1 X J x ^ = tV oubio feet, 

„ of pump = X 2 = i cubic feet per second 
The effective woik done Tvas, therefore, 

3i X i Powei employed 
This IS about a third of what would be obtained wore the same power 
applied to a centiifngal pump The waste of powei is no doubt due 
to the veiy great fiiction necessitated by the constmction of the machine. 

P D 
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NOTE ON EXPERIMENTS ON STRENGTH AND ELAS- 
TICITY OP ASINA TIMBER 


By G R Bird, Escj , Tlxed Bngineei 


The Abhir irse (Terminaha Tomentosa), also called the Hasna, Arssna 
or Asan, glows in gieat abundance in the forests of the north of Oudh 
It was used by the natives, m the King’s time, for roofing purposes, as 
IS testified by its existence in some of the old buildings at Lucknow 
Prom annexation the demand piactically ceased, owing to the cheapness 
of sal timber, imported from Nepal, and to the supposed untrustworthy 
chaiacter of Asina and its liability to be attacked by dry rot The in- 
oieasing scaicity and consequent high price of sal eventually brought 
Asma again into request, and since 1871 it has been veiy generally used 
throughout the province for temporary and semi-permanent buildings It 
IS moreover likely to retain its position as a second class timbei, and as there 
are no published data relating to its ultimate strength oi elasticity, (the 
Eoorkee Tieatise being also silent on the subject,) some rough experi- 
ments were made m 1877, and the results obtained therefiom may be 
found useful, till they are superseded by moie leliable information derived 
from a greater number of trials 

The pieces experimented upon, five in number, were taken at random 
from among a quantity of battens sawn up for a building thou in pioooss 
of qonstuiction They were planed down to a unifoim seotiou, and suo- 
oBBSively placed on two supports and weighted in the usual way The 
vanous observations were recorded in a table, see page 67 

Very little time could be spaied for these experiments, owing to an 
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unusual pressure of work, and hence the Buccessive increments of weight 
were largei than should be imposed in delicate opeiations of this nature, 
but in erery other respect gient caie was taken to produce a reliable 
senes of results It may be due to this rapid loaduig that piece No 2 
failed so suddenly when only two-thuds of the breaking weight had been 
applied, or it may be an example of the inheient unreliable quality of 
this wood itself, for m appeaiauce and treatment there was no visible 
difference between the pieces expeiimented on 
The rough quality of the apparatus employed caused sundry interrup- 
tions during the time the first piece was iindei trial, and it is probable 
that this piece would have boine as great a weight as No 8 had it not 
been crippled by the fiequont removal of the scales In the deductions 
given below, the bieaking weight assumed is for this reason fixed higher 
than the actual lesults obtamod from No 1 would otherwise warrant 
It IS believed that the following data derived fiom these experiments 
give a very fair idea of the strength and elasticity of this timber, and 
that the scantlings of roof timbeis calculated fiom the ooeffioients will be 
fonnd amply strong enough 

I Ultimate breaking weight under transverse strain, or 
Boorkee Treatise = 640 ibs per square inch 
II Modulus of Elasticity, Ea of the Boorkee Treatise = 4,150 
HI Formula for calculat ing breadth of scantling from deflection 
^ W X 0021 , wheie (2 = 5 

The lesnlts obtained by using this last formula are somewhat higher 
than the scantlings derived fiom the ultimate weight 


Noth -Bowrtoe Treatlao Jtqtattan employed ttiioaghout 
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Detail of Expel tments on Transverse Strength of Asina tmlar, conducted 
at Fertahgurh on the 6f/i of May 1877 
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THEORY OF THE BRACED ARCH— INDUS BRIDGE AT 
SUKKUR 

[Vide Plates I-V] 


By Capt Allan Cunningham, R E , Eoti Fell King’s Coll , London 
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THUOUy OF BBAOED ARCH — INDUS JBKIDOB AT SDKKUE 


PREFACE 


The following Paper contains the author’s calculations ot Stresses m 
the mam parts of a laige steel aich budge pioposed for the river Indus at 
Suhkur, designed by Mi G L Molesworth, C I B , (Consulting Engineer 
for State Eailways,) of 740 feet span, and 200 feet use 

The complete Budge consists viitnally of two Budges, a Road-Bridge, 
and a Railway-Bridge side by side, 66 feet apait from centre to centre, 
with the platform of each suspended from and between a pair of steel 
arched Ribs, 22 feet apait from centie to centre 

Each Rib is divided into equal semi-Ribs, meetmg m s.fteejomt at the 
crown, and each semi-Rib abuts upon a fiee joint at the abutments The 
'I’brnst of the Arch is lesisted entirely by the abutments, (which are rook,) 
and not at all by the plalfoims, which are designed simply as a roadway 
and a railway on light longitudinal Girdeis 

Each semi-Eib consists of a pair of parallel square steel tubes each 
2' X 2' from out to out, one ovei the other, 22 feet apart fiom centre 
to centre, connected together by cross biacing which divides the semi- 
Eib into Bays of 22 feet length 

A skeleton elevation of one semi-Rib (without the platform) is given 
in Plate III , (which also shows the pioposed mode of erection,) and a 
cross-section of one of the squaie steel tubes in Plate V 

The pair of Riba carrying one track are united by croaa-hraomg, and 
both thb two platforms and also the two inner Ribs of each tiack are 
united by oross-hracmg The pair of Bridges thus form together a single 
Bridge of very wide Bridge-Base (88 feet), and therefore possesEing gieat 
literal stiffness for lesisting wind, which is necessary on account of the 
great height of the Structme 

The present Paper is intended to show only the piinoiples and mode of 
calculation of the Stiesses m the Stuictuie This alone is the present 
writer*B tvolfc The Design itself is Mi Molesworth’s 
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CHAPTER I —INTRODUCTION 

1 Ceitam paits of IheTheoiy of tlie Biaced Aicli, and ceitam 
foimulse based theieon haviufj been found to be incoDect in bome of 
the published authonties, especially in the joimulce^ ulutiiuj to unspti- 
mtnc Load, it has been thought necessaiy to piecede tlie piescnt 
calculations of Stiesses in the pioposed Indus Budge Steel Aich by 
a pieliininaiy mathematical investigation of thepmiciples on which, 
the Theoiy is based, and of the foimulse lesulting which aie to be 
used in the calculations, as these foimulae diffei fiotn tliose given 
in several authoiities 

The mathematical poition of what follows is leally very simple, 
as from the mode of hinging the Aich at the ciown and at both 
'spnngings, it can be tieated entiiely by elementaiy Statics had 
it nob been so hinged, this elementaiy method would have failed* 
This mathematical woik occupies Chap II 

Chap III contains the application of the principles and formulae 
of Chap II to the case of the Indus Budge thehtethod employed 
being the Giaphic Method, which has the advantage of showing 
most of the Results to the eye > 

Chap IV contains the mathematical investigation of the effect 
of the Wind on the Arch followed by application to Indus Budge 
Chap V contains an investigation ol the Stiesses in the Stays 
during the erection of the Arch, and of the effect of the Wind 
All heavy numerical calculations have been collected togelhei 
into a senes of Sheets foiming Chap VI All the numeiical woilr, 
and scaling off the Diagiam E, has been caiefully checked by an 
independent computer 

* Gncn m the Discussion following M Gaudard’s Papei on “ Construction of 
Metal and 'Jimbci Aiches,” Paper Ao 1221 in Vol XXXI of “Piooeedmgs of 
Inst of Ci>il Engineers,” 1870 71 
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CHAPTER II —STRESSES IN BRACED ARCH 

2 It IS convenient to piemise the following definitions — 
Ni'OThal Curve of Bib — Tins la the cuue troveising the cen- 
tres of giavity of ill nouml cioss Kchons of the Rib 

FuNiouf IK, PoiiooN — This is the polygon which is lalancecl 
under veiticol Loads applied at its oiigiihi points, so tint the 
Stresses piodncid lie wholly iloiig the sides of the polygon, and 
theie IS no Unlsnoij to (Infoitiou of the polygon 

CuivVP 01 EfiUiLtBiiiuM IS tile ciiive to which a fiiniciihi 

polygon appi 0X1 mates is the Loads inciease in nninliei iiul deciease 
in distance apnt, tending in fact townds continuous loads/ 

Foi eveiy given system of Load there is a dchiiitc “ Fiiniculiu 
Polygon” whose veitices he on the verticals thiougli the Icentics of 
giavity of the) seveial given Loads, with no (endeiicy to distoition 
If the "Neutial Cuive” of a given Rib coincide with the “ Fu- 
nicnlai Polygon,” oi ‘^Cuive of Eqiiilihiium” of a given system 
of Load, theie will he no tenilenei/ to bend oi distoit the Rib uiidei 
that Loid, and the Stresses pi educed will be wholly peipendicular 
toitanoimil sections, le, will be simple Thrusts upon its cioss- 
seotions This is the most favouiahle possible oondition, towaids 
which it IS iheiefoie desiiablc to appionmafe In this case, if 
T = Total Thiust acioss any cross section, 

A = Area of that cioss section, 

s^ — Safe cuishing stiess intensity =66 tonspei sq in for steel, 
then A may be found by the simple formula, 



But under vaiyiiig Load, rt is impossible that the Neutial Cuive 
of a given Rib should coimide with the Cuives of Eqmlibuum of 
all states of the Load, because the Curves vaiy when the Load 
varies In this case a bending action is introduced in ill cases of 
non-eoincidence of the Equihbiium-Ciiive with the Nenfaal Cruve, 
increasing with the amount of lepaiationof the two Cuives 

This causes additional longitudinal Stiess peipendicular to the 
normal cioSs-sections of the Rib, to be calculated pieeisely as in 
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ordinaiy cases of Transveiae Stiam, vii , fiom the Bending Moments 
(M), and also a sheaiing Stress (F) paiallel to the normal cross- 
sections of the Rib 

The above longitudinal Stress falls principally on the Flanges of 
the Ribj so that their sectional aiea depends jointly On the Total 
Thrust (T) above-mentioned, and on the additional longitudinal 
Stress due to the bending action and falls under the Rules laid 
down in Chap XIII of the Author^s Manual of Applied Me- 
chanics 

The Shearing Stress (F) falls principally on the Braces (be- 
tween the Flanges) , the Stresses (R) in the Braces may be calcu- 
lated from the Shearing Force (F) as explained in Chap X of same 
Manual, via , by the foimula 

R = F cosee , (S), 

where z = inclination of the Brace to the “neutial curve of Rib 

[A S — There mill be a further partial Sheanng Stress falling on Ole Braoet 
duo to the mode of attachment of the Load to the Eib, but as this is not; cumulative, 
it IS not thought worth investigation, the Stress in the Braces of any one Bay-due 
to this cause— being only that due to the partial Load on that Bay, and to the 
Braces being the connectors which distribute that Load between the Flanges] 


PttOPERTlCa OF EQniLIbUIUM-CURVB 
[under vertical Load] . 
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8 Let APV be the Neutral Curve of a Rib 

AQ.V be the Equilibrium-Curve lor a given system of 
vertical Load 

Pj Q corresponding points on the two curves, ? « , on 
same vertical QP 

Draw Q.T tangent to the Equilibrium-Curve at Q 

QN parallel to the tangent to the Neutral Curve at P, 
(and therefore perpendicular to the normal section 
P» of the Rib at P) 

Pi!, P» J." to Q.T, QN, respectively, to meet QT in «, 
respectively 

The Resultant of all the Forces to the light of Q is necessarily— 
by the propeity of the Equihbrium-Cuive — a certain Resultant 
Thexjst through the point Q in the diiection of the tangent QT to 
the Equilibrium-Cuive, which may be represented by QT, or shortly 
by T 

Diaw QH horizontal, TH vertical, TN J.' to QN. 

Let Pi! = S, P» = M, QP = V 

Then by elementary Statics, it is cleai that QT is equivalent to 
QH, HT applied, at Q, whereof, 

QH, (oi H) 13 the Horizontal Thrust at Q, and is — by] 
the property of an Equilibrium Curve — a constant qmn- V (3), 
tity right lound the curve, . ) 

HT, (or W) IS the algebraic sum of vertical Forces to nghf) , 

ofQ, . , 

Again by elementary Statics, it is clear that, with lespect to the 
normal section P?j of the Rib, the Resultant Thrust QT (or T) is 
equivalent to the pair QN, NT applied at n, whereof, 

QN, (or N) being JL'^to the oioss section Pm, and applied at 
a distance = Pm (or n) fiom its centre of gravity P, is 
equivalent in effect on that cross-section to a Thrust 
QN (or N) applied vnifcnnly all ovei that section, to- 
gether with a Bending Couple whose Moment is QN Pm, ^ 

(01 N M), . . . ) 
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NT, (oi P) being || to the cross-section P» and applied atl 
a point 11 111 its plane is a simple Sheaiing Poice in that >(6) 
section, J 

It IS den then that the Diieeb 'L’huist (N) ilong the Rib, and 
the Shelling Poiee (P) acioss the Hib, me the lesolved paits of 
QT 01 T II and J_' to the tangent to the Rib 

A 

Now in many of the cases of piactice, the angle NQ,T (or 
between the tangents to the Equilibiium-Gut ve and the Rib at 
Q,P, IS a snaall angle, so that its cosine is neaily 1 Hence N, F 


aie given by 

N = Tcos ip, amiudehj, , (7) 

:= T, njipioriwiai'efy, whenevei ^ 13 a small angle, , (8) 
P = T sin <p, (9) 

Again, fiom the equality of the angles TQH=QP;‘, TGlN=z!P», 
ifc follows that -^ = and -^= (10) 

Hence the Bending Moment (M) above explained to be equal to 
N n IS given by any of the expiessions 

M = II » = T a = N n, (11) 

[Tho fiist expression M = H » is \erv comcnioiit iihen M hna to be culoulntod 


foi ninny pniiits, bel,nn^c its flist fattoi li) la aqnstunt, nnd tho second (u) is more 
ensilj mcasaiablo oi cnlonlnblo tbnn S oi n) 

CaLCOLATION 01. FLANOr-AuEAS 
[toi a symnietiic cioss-section] 

4 It has been explained that the cross-section is subject to— 

(1) a Diiect Thinst (N) uniloiinly distubuted over its 

aiea (A), 

(2) a Btnding Couple of Moment M 

The etfect of the httei is known to be auniformly- varying stiess 
ovei the cioss-section ot the Flanges 

Let Sn = maviinum mem ciuslung stress-intensity admissible in 
the Flanges 

= unifoim eni'-liing sti ess-intensity developed by the Di- 
1 cot Till list (N) alone 

y = distance ot centie ot giavity of either Flange from the 
nential cuivo 
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yr = radma of gyiation of the cioss-aeckoa about its neutral 
axis 

jOy = mean stress-intensity developed in eitliei Flange by the 
bending action alone 
y' = half depth of cioss-section 
Then the condition of woiking strength is 



(12) 

But 

(13) 

And by tbe ordinary Tbeoiy of Tiansveisc Stiain, 

M 

(I 

(W 

Combining the above. 

N M _ 

“ A A y,’ 2^^ ' 

(16) 

whence A = - -f* — — accurately, 

*0 Sc 2tr 

(16) 

= ^ -t- y-y, appjonmately, 

(17) 


because N=:T approximately, and y—y’—yt, appioximately, (18). 


. A = ^ (l -p apponmaiely, . (19) 

This Result may also be exhibited in such a foim as to show the 
Area lequired to lesist the bending action in terms of that leqmied 
to resist the Direct Thiust alone Thus— , 

Let A, =: Aiea lequiied to resist the Direct Thrust alone 
A, = Aiea required to resist the Bending action alone 


Then A = A, + A„ . (20) 

And Aj ^ (approximately), . (21) 

Hence subsitutmg into Bq (19), 

A=.A, (l + |) = A. + A„ ... (22) 

•wbenee Aj = ^ A„ apponmaiely, , >(23), 

a very convenient expression foi calculation of A, 

(The ouOr consequent on nso of this foimuk will be inrestignted hereafter, A rt IT] 
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To DRAW AN EqUlUBaiUlI-CURVE 

5 When the Loads form a detached system, the cuive becomes 
a “funicular polygon” When i)ii& positions of veitical lines thiough 
the centres of gravity of the seveial Loads aie given, and when also 
three points in the curve [eg , the ciown md both spungings) are 
given, the Problem is a deteiminate Problem of “ elemenlaiy Sta- 
iics^^y but *not otheimse 

These thise points, the crown and the two spungings may be con- 
sideied given when all theeaie peifectly* hinged, so as to be incapable 
of resisting distoition, and the use and span aie also given 

The following then is a determinate Pioblem of elementary Sta 
tics — 

“Given the rise (^) and span (2c) of the Neutral Curve of a Rib 
“ hinged at the crown and at both spungings, also the positions of 
“ the centres of gravity of the several Loads on the Rib, to diaw 
“ the Equilibiium-Curve ” 

The first Step is to determine the tangents at the crown this is 
most conveniently done by calculating the vertical heights y', y" 
at which these tangents meet a pan of veitiual lines thiough the 
spungings 

Let W', W" be the Total Loads on right and left semi arches 

be the houzontal distances of veiticals thiough the 
centres of gravity of W', W" fiom the right and left 
spungings, leepeotively 

Then the Horizontal Thiust (H) may be shown to be, {see Ait 10) 



Also it may be shewn that, {see Art 10) 

= = (25) 

By plotting these lengths (A'/i' = y, A"i" = y" in figure) the 
tangents may be at once drawn 

* If not perfectly hinged nt all three points, If for instance ooMinvoiis at erown, 
the Pioblesn becomes a problem of some complexity, not sohible by ehijientary Statics 
tbs elastic deformfttiona would have to bo considered, and the calcnlatiom involved 
would be very ialonmu 
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[Of coaise/ +/' = 2,4, this foims a check on the calculation 

of y\ y'] 

Theie aie two cases m which the tangents at crown form a lion- 
zonial stiaight line, mz , 

(1) , when the Loads are symmetric about the ciown, this i 

case is obvious, ( 

(2) , when the Loads are so aiianged that W' x' — W" ( 

foi then y = y° ) 

The quantities W' i', W" may be conveniently calculated as 
follows — 

Let w', w" be any Loads on light and left semi-arch, respectively 
x’ , x" the distances of their centres of giavity from light 
and left spiiuging, respectively 

Then 

W x’ = 2®,' = * y x', (36rt) 

W" x“ =2*/^* w' x", (’ 66 ), 

the summation being effected throughout eithei semi-aich, t e , fiom 
x' 01 w" = 0 to c, (wheie c = semi-span) 

The tangents at crown having been diawn, the Equilibnum-Curve 
may now be diawn either (1) by calculation of the vertical depres- 
sion (j') of each point P below these tangents, or (3) by a graphic 
construction 

6 Method 1“ By calculation — 

Let W = Total Load between crown and any point P in the 
funiculai polygon 

X — Distance of a veitical thiough the centre of giavity 
of the above Load W from the (variable) point P 
y = Vertical depiessioii required of the point P below 
the tangent at ciown 

Then, it may be shewn that 

y^^> (W Alt 10), (27) 

*1, Method 2° By gia^lm eonitiuctian —The Method will be 
descTibe4 as for a Semi Aioh, suppose the Ihft Semi-Aroh VA^ 
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thbohy of bhaobd aroh — indus biudoe at SURKim 


Plot the points showing the crown V and spunging A'' foi the 
given semi-span A'^AI and rise VM, and draw veiticals 1, , 3, 2' , 

3,3', 4,4', 5,5' through the ceuties of giavity of the given 
Loads 

Plot the tangent VT at the crown V for that system of Loads, 
by setting off the (already calculated) height A"-i oi 
which it meets the vertical A"i through A" 

Draw a veitical line mG at the distance (already calculated) A"w 

or ^"=1 which defines the horizontal distance of the centie of 

gravity of the Load W" on the Serai- Arch from the left springing 
Suppose this line mG to meet VT in G 
[This point G will bo found to be tho pole flora which the Thrust lines to be pre 
sently drawn radiate] 

Through G draw a horizontal line Gt, and on it take Gt to re- 
present on any scale the Hoiizontal Thrust H = - 

ready calculated,) due to the given Load-system (W'-t-W") , and 
through t, its fuither end, diaw Tie vertical meeting the tangent 
VT in T, and take Te downwards thereon to repiesent the Total 
Load W" on the semi-aich on the same scale this line Te will be 
called the " Load-line ” 

[It 18 eonvement to choose the scale, so that the -vertical lino T« shall fall well clear, 
t e , to left of the vertical K A] 

Join Ge This line will represent the Thrust at the springing 
A", and GT will represent the Thrust at the crown 

[The lino Gle last drawn should pass through A This is a elicLk on the nccuraoj- 
both of the nuineiiealwoik on which the drawing is baaed, and of tUodrawingitaelEJ 

Divide the Load-line Te, beginning fiom T, into segments Ta, 
al, be, cd, de representing the seveial Loads on the semi aich taken 
111 order fiora the ciown towaidb the spiinging, vu , in the lines 
1, 1', 3, 2', 3, 3', 4, 4', 5, 5' 

Join Ga, Gij Gc, Gd The seveial radiators GT, Ga, Gi, Gc, Gd, 
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Ge, represent the Tlnusts in the “ funiculai polygon” VlSStBA" 
(about to be diavvu), viz, in the seveial lines VI, IS, S 3, 3 4 
4 5, 5A" 

I/as( Step To draw the “ funicular polj gon ” 

Point 1 The tangent VT thiough the ciown cuts the vertical 
1, T through the Load next the crown in the point 1 required 
Point 2 A paialld to Ga thiough the point 1 (just found) will 
cut the vertical 2, 2' through the second Load fiom the crown in 
the point 3 lequued 

Point 3 A parallel to 63 thiough the point 2 (just found) will 
cut the vertical 3, 3' through the third Load fiom the crown in the 
point 3 requiied 

Poini^i 4, 5 The remaining points aie to be similaily found 
Pesnli The figme V12345 A'‘' is the “ funicular polygon ” pioper 
to the given Load-system (W' + W'') 

Oheak on the 1001 h The last point but one, vxz , the point 6 in 

present figme, should fall on the (already diawn) tangent GA'' 
Anof/iei mode The constuiction may — if pieferiad— be started 
from both ends V, A" at once in this case the two blanches ought 
to meet at some intermediate point, which affords a check on the 
diawing 

8 Use op the Diagram —The chief use of the Diagram is for 
fi.nditig the thiea quantities N, F, J lequiied foi calculation of 
Stresses in, and sectional areas of, the Flanges and Biaces 

Diaw the "Neutial Curve'' Ya'h'c'd'e'A." of the Rib, and draw 
a'm, b'n, c'n, d'n, dn, perpendicular to the several sides of the 
funicular polygon ” V1LS45A" 

Then these lengths dm, b'n, &c , aiethe depaituies of the points of 
the “ Neutral Cuive” of the Rib, above denoted by 8, lequiied for 
finding that pait of the sectional areas of the Flanges [viz, Aj) 
requiied to resist distortion 

Next diaw the tangents (or normals) to the Neutial Curve of the 
Rib at all the points V, a', V, o', d', e', A" The resolved parts of 
the Stresses or Thrusts (T) in the Rqttihhiium-Cutve lepiesented 
by the radiators QT, Ga, Gb, &c , from 6, taken parallel and per- 
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pendicular to the several tangents just diawn, aie the requued Dueet 
Thrust': (N) and Shearing Foices (F) ovei the normal sections of 
the Eib 

But in all cases when the Neutial Cuive of the Rib and the 
Equilibrium-Cuive are only slightly inclined to one another, the 
Thrusts (T) m the lattei (lepresented by the ladiatois from G) are 
sensibly the same as the leqmred Diiect Thrusts (N) in the foimer, 
and may theiefore be taken foi them 

Thus the thiee required quantities N (or T), F, d are easily ob- 
tained fiom the Diagiam 

Effect op travelling Load 


9 When the Load varies, — covering for instance different 
lengths of, and also diffeient portions of, the Span — the Equilibrium- 
Curve changes w siape and position 
Now from the expressions given foi the Flange-areas, and Sties- 
ses in Biaces, it will be seen that — 

'f The Plange-Aiea (A, -f A,) depends partly on the Direct 
" Thrust (T or N), and partly on the distortion (3), and in- > (23) 
Cl eases with both”, ' 

“ The Brace Stresses depend partly on the Diieot Thrust \ 

" (T or N), and paitly on the mutual obliquity {<p) of the/ 

“ tangents to the Equilibiium Curve and Neutral Curve, ( 

“ and increase with both ”, . ) 

Now in geneial it will be found that — 

“ The Direct Thrusts (T oi N) increase at all points with -v 
increase of the Load, and are theiefore gieatest when the C (80) 
Span IS fully loaded”, J 

“The Equilibiium-Ciuves which depait most fiom the-v 
“Equilibrium-Curve for full loading he nearly at equal dis- t (31) 
“ tauces above and below the lattei ”, 3 

It is therefoie advantageous to make the “Neutral Curve” of 
the Rib follow the Equilibiium-Curve for Full Load as nearly as 
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possible, so that the Bending Action may be very small when the 
Rib 18 fully loaded, and the Dueet Thinsts (T oi N) theiefoie eveiy- 
wheie at their gieatest values 
It will be found also that, — 

“the gieatest distortion (3), and gieatest obliquity [f), are 
“produced by different conditions of Loading at each point, 
“ but always by a very unsyminetnc Load, varying, — 

“ from i-span loaded, f span unloaded, to | span loaded, 
“^-span unloaded, 

“ the Load being in each case placed m the most unsymmetnc 
“possible position, w , ouginating fiom one spiinging ” 

It IS not possible to say h pnon what distributions of Load pro- 
duce maximum distoition oi maximum obliquity at each point, but 
by actually drawing a good many Equilibrium-Curves, the following 
cases have been thought suflElcieat to work out in detail, as giving 
in some pait or othei 

“Laige Thrust (N or T) combined with large distortion (3),“ 
in case of left Semi- Arch, as in Table below 




Colonr of 


Cash 

Load bisthm 

Equihbnum 

EFrEOT 



Diagram E 


? { 

Pull Live Load, 

Clear Black, 

f Largest values of N, T 

J Small distortion 


Live Load on right 

Clear Rod, 

f Large values of N, T 
< Great distortion below neutral 

"7 1 

f-span, 


(. curve 

i 9 

Live Load on left 
^-span, 

Uppei 
Clear Blue, 

f Medium veliies of N, T 


< Great distortion above neutral 
(. curve 


Live Load on right 

Lower 

r Medium values of N, T 

^ I 

< Gieat distortion below neutral 


^-span, 

Clear Blue, 

(. curve 


Live Load on left 


( Small values of N, T 

1 

Clear Violet 

< Great distortion above neutral 


^-span, 


1 curve 
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10 PoilMUL^ TOB EQUILIBMUM-CujiVt 



Let W' = Total (veitical) Load on tight half aich VA.' 

W" — Total (vertical) Load on left half-aich VA' 

G'M' IS a veitical thiough centie of giavity of W' 

G'M" is a veitical through centre of giavity of W' 

^// H ^ abscissa of centres of gravity of W'^W" mea» 

smed from A', A", lespectively 
k'l" IS the tangent at the ciown V 

A'^' = A'r are verticals thiough A'A", to meet the tangent at 
Clown , A'Je' = /, A" A" = y\ 

A'n', A"n" are the perpendiculars thiough A', A" on the tan- 
gent at ciown , A'n' = j)', A"k' = p" 

Ym = I, (the Rise of the Arch) 

By the piopeity of the Equilihnum-Cuive; the Thrust (T ' , T ") 
of either half arch on the other is in duection Yl\ Yh", and the 
two are equal and opposite Hence if the Resultants of the Loads 
W', W" on either half-aich meet Yk', Yk" in G'j G", respectively, 
then A'G', A"G" aie the diiections of the Thrusts (T'j T") at the 
springings 

Hence the half-arch VA' is balanced under the three Forces T \ 
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W', T' meeting at G' j and the half aich VA" is balanced under the 
thiee Foices To", W", T" meeting at G" 

Hence taking Moments of these balanced systems lound A', A", 
respectively, 

TV p' = W' S', To" p' = W' S, .. (33) 
How the Horizontal Thrust (H) at V is the honzoutal resolved 
part of To' or To", 

Hence, H = T„' cos w'V/J' = To" cos . (83). 

Hut COB m'V k' = cos n'K'k' , cos m’Yk" = cos n"K!'h" = ^ 
y y 

H = To' 2' = To" . . (34) 

Substituting into (32), H / = W' H p" = W" a", (36) 
Adding these, H (/ + y") = W' ® + W" 

But y + f =r %k, *. H = (86) 

And from (85), / = y" = (37). 

These aie the foimul® lequiied for calculating H, y', y" 

Again, to find the veitical depression (y) of any point P on the 
Equilibnum-Cmve below the tangent at ciown "V, precisely similar 
reasoning applies 



Xiet W = Total Load between veitex (V) and any point P 
whether to right oi left of crown 
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GM be a vertiral tluougb centie of giavity of Load W 
Then ^ = PM = Horizontal abscissa of centre of gravity of W 
from foot of aic VP 

kk IS the tangent at ciown, 'Sk = y (the quantity sought) 

P/I is a veitieal thiough P (the foot of aic VP) to meet the 
tangent ll 

P« la J,' to the tangent Ik 

Then, as before, the Thiust of eithei half arch on the other is a 
pan of equal opposite forces (To, To) in the line kk And if the 
direction of the Kesultant Load (W) meet this foice T„, (r e , the 
hue kk) in the point G, then GP is the line of Thmst (T) at fool 
P of the aic VP, and the aic VP re balanced under the Forces To, 
■W,T 

Taking moments of these balanced Forces about P, 

To.io=WJ, .(33) 

And it may be shown as before that, 

H = To . cos mYl = To cos>P^ = 
whence H y = To yi =s W . J, (40) 

and, finally y = the result required for calculating y, (41) 
ErBOH in APPROtlMATB FORMULA (19) FOR FlANGE- AbLAS 
11 , It has been shown (Ait 4) that the accurate expression for 
the Total Area is 

A = £ + (Eq 16, A.rt 4), 

= N+Iii 

«o <0 yr’ 

also that the approximate value is 

of which the fiist membei oi — ^ is in either case the value of 
the area (A,) required to lesist the Direct Thrust (N) alone, and 
since N, T aie very nearly equal, these two values are very neaily 
equal, and the slight eiror m value of A, produced by using the 
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value T — A„ instead of N -i- (already explained to produce an 
enoi on safe side) is negligible 

The lemaining poition of eithei expiession is the value of the 
area (A,) requiied to resist bending, vn , 

As = ^ ^ = A, aecuiately, (42) 

= = A, — , approximately, (4S) 

Hence, 

Erroe in value of A = Ai — — A 

y * .Vr* 



— 1 — ) X appiox value of A„ (44) 


CHAPTER III— APPLICATION TO INDUS BRIDGE, OP 
THEORY OP CHAPTER II 

Step i — The fiist Step is to calculate the Loatk actually applied 
at the 20 points of suspension to the Actual Rib This is shown 
on Calculation-Sheet A 

The Loads originally proposed (Col 6) by the Designer having 
been found (by a pielimmaiy calculation) to be too heavy, this 
Sheet shows a modification of them. An unnecessaiy amount of 
ballast having been provided in the original Design, it was decided 
to lemove 6 ton per foot run 

The amount of ballast removed fiom each point of suspension is 
calculated at 6 ton x half width of two adjacent bays. 

Col 1 shows the number of each suspension-point reckoning fiom 
the ciown (taken as zeio) outwaids 

Col 2 shows the distance oi abscissa (v" or x" in notation) of each 
suspension-point from the spiinging, taken by scale fiom the Diajr 
gram 

Col 8 shows the width of bay between each pair of adjacent 
suspension-points, found by taking the difference of then ab^ 
BciBSse 


87 



20 


THEORY 


BRAOBD ARCH INDUS BRIDQE AT SUKKUR 


Col 4 shows the half-width of sum of two adjacent bays, being 
found by taking the half sum of each adjacent pan of lesults in 
Col 3 

Col 5 shows the amount of ballast lemvecl at each suspension- 
point, found (as above explained) by multiplying the Results in 
Col 4 by 6. 

Col 6 shows the Dead Loads at each point of suspension as oi t- 
ginally designed the data of tins column weie famished by the 
Designer 

Col 7 shows the Actual Dead Load applied at each suspension- 
point, found as the dififeience of lesults in Cols 5, 6 

Col 8 shows the Full Live Load applied at each suspension-point 
found by multiplying the half width of two adjacent bays (Col 4) 
by 8, thus making the Full Live Load 8 ton per foot lun 

Col 9 shows the Total Load applied at each suspension-point 
when the Span is fully loaded, found as sum of Cols 7 and 8. 

Col 10 shows the Live Load applied at each suspension-point 
by a Paitial Live Load not coveting the whole span, taken at 9 ton 
per foot run, found by multiplying the results of Col 4 by 9 
Col 1 1 shows the Total Load applied at each suspension-point 
by such Partial Live Load, being the sum of Cols 7 and 10. 

Si ep II — The next Step is the calculation of the Moments (W' 
or W" w") under seveial conditions of the Live Load, and of the 
abscissm of centres of gravity »' or of the Loads W' or W" on the 
half arch This occupies Sheet B 

This has been done for six different arrangements of the live load 


on semi -arch, 


Case I 

Dead Load only 

Case II 

Full Load 

Case III 

Live Load at 8 ton on ^-span next centre -f Dead 


Load on ^-spau. 

Case IV. 

Live Load at 8 ton on ^-span next centre + Dead 


Load on i-span 

Case V. 

Live Load at 9 ton on complete J-span + Dead 


Load on ^ span 
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Case VI Live Load at 9 ton on J-span next springing + 
Dead Load on ^-span 

The above airangements lefei to a semi-aich (or ^ span) only, so 
that by combining them in pans, many ariangements of Load on 
the complete Aich lesult 

Col 1 shows the numbei of each euspension-pomt reckoned fiom 
the ciown outwards (taking the crown as zeio) 

Col 2 shows the distances or absciss® (a?' or oc" in notation) of 
each suspension-point fiom the springing, taken by scale from the 
Diagram B 

Each of the columns marked I, II, III, IV, V, VI contains three 
sub-columns 

Sub-column 1, (headed Detail,) contains the Loads (w' or w" in 
notation), taken from Calculation-Sheet A applied at each suspen- 
sion-point foi the seveial Cases I to VI, the Total of these at foot 
of Table being o{ comae the Total Load (W' or W") on the semi- 
arch for each case. 

Sub-column 2, (headed Sums,) contains the sums of the Loads 
taken fiom the crown oiitwaids, this column is used in plotting the 
Equilibiium-Curves 

Sub-column 3, (headed Moments,) contains the products of each 
Load (W' or W") by its distance {x' or is") from nearest spimging, 
% e , w'®' or w'V' , the Totals of these being of course the Total 
Moments (W' or W" a") 

The last line but one contains the distances or abscissEa (s' or ©") 
from springing of the centres of gravity of the seveial Total Loads 
of the several Cases I to VI, found by dividing the Total Moments 
(W' S' or W" . ®") by the Total Loads W' or W 

The last line contains the values of the Horizontal Thiusts (H), 
supposing loth semi-as ekes, t e , right and left of crown) loaded simi- 
larly to the seveial Cases I to VI, so that the whole Aioh is sym- 
metrically loaded, found by dividing the Total Moments by the risfr 
of the Arch {k = 200') 

Si'Ev III — ^The next Step is ih&Jmdtng ike Eonzontal Tkmsts 
(H) and MevaUons {y' , g") oj the tangents at eroxon above the spring 
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ing/o? the case of unsymmeinc Load, {i e , iigbb and left semi-arches 
differently loaded) 

This IS done on Calculation-Sheet C by application of the foimulie 
H = - ‘ % (’4) of Alt 5 

y' = , f = Eq (25) of Art 5, 

the values of W' W" X" being taken fiom Sheet B 

As alieady explained (Art 9), it has been found (by previous 
trials) sufficient to woik out a few cases only of unsymmetno load , 
the following statement shows how the values of W' W" 5" aie 
taken from Sheet B , the live load oiiginating at left spimgiug in 
each case. 


Live Loa!d oiuaiwATiNG at 
LEFT SPEINGING 

Refeience 

p Sheet B 

Lbft Semi- Arch 

W' 

Eioht semi Aroh 

W a 

Case 1 , Live Load on |-span, 

Ool II, Sheet B 

Col III, Sheet B 

Case 11 , Live Load on f-span, 

Col 11, Sheet B 

Col IV, Sheet B 

Case 111 , Live Load on ^-span, 

Col Y, Sheet B 

Col I, Sheet B 

Case IV, Live Load on ^-span, 

Col VI, Sheet B 

Col I, Sheet B 


SteI' IV — The next Step is the constmction of as many Equih- 
hmm-Cuives as may be thought necessary to enable^ as fai as pos- 
sible, the maximum values of Sheaiing Foice (E), and of Diiect 
Stiess due to the combined action of the Direct Thrust (N or T) 
and of the Bending action to be found at a good many points of 
the curve, undei varied conditions of Load 

This has been done in the Diagiam-Sheet marked E, by the 
method of Graphic Constiuction explained in Ait 7, for the case of 
the left setm-aich For the icasons explained at end of Art 9, it 
has been thought necessary to exhibit only five Equilibiium-Cuives, 
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which aie shown together with then constructive details in differ- 
ently coloured lines, mz — 




Colour of 


Cash 

Load system 

Equilibiinra 

Effect 



Diagiam E 



Full Live Load, 

Cleat Black, 

r Laigest values of N, T 

1 Small distortion 




f Large values of N, T 


Live Load on right 

Clear Eed, 

V Great distoition below neutial 

J, O 

f-span, 


( cuive 

Ji 

‘si 

Live Load on left 
^-span, 

Upper 
Cleai Blue, 

f Medium values of N, T 

I Great distortion above neutral 

1 cuive 

'll 

Live Load on right 
i-span, 

Lower 
Cleai Blue, 

r Meduim values of TST, T 
< Great distoition below neutral 

1 cuive 




1 ( Small values of N, T 

& 

Live Load on left 

deal Violet, 

1 -? Gieat distoition above neutral 


. i-span, 


( curve 


These five eases have been selected, having been found (by a pre- 
liminary tiial) to give at some point oi other, 

“Laige Thinst (N oi T) combined with large distortion (S) ” 
The letter ing on this diagiam is the same as on the small diagiam 
with Art 7, so that the detail of constiuction should he easy to 
follow 

1°, positions of the crown V, springing A", semi-span A"M, 
rise VM, and of the verticals through the centres of gravity of the 
several Loads, (oi lines through the 20 points niimbeied 1 to 20,) 
have been taken from the Designer's sketch 

2° The hoiizontal distances or abscissae (A"w or S") of verticals 
(Gt??) through the seveial centies of gravity of the seveial Load- 
systems (W'O on the Semi-aioh are taken from Calculation-Sheet 
B, and the several verticals ?bG diawn 

8°, The elevations (A" A, « e , / or y'') of the tangents (Vil) at 
the crown under the several Load-systems aie taken from Calcula- 
di 
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tion-Sheet C, the mteisections of the tangents VX so diawn with 
the veiticals mG thiough the centies of giavity of the seveial Load- 
systems aie maiked G, with a ciicle diawn lound the inteisection 
(so as to avoid confusion of nuraeious radiating lines meeting at G) 
4i° The seveial Load Lines (T^ 1, 3, 20) aie vertical 

lines drawn nt the several hoiizontal distances fiom the seveial veiti- 
cals niG, lepiesenting on a scale of 100 tons to an inch the values 
of the Hoiizontal Thiusts (H) foi the several Load-systems taken-— 
for case of symmetric Load fiom Sheet B,’) 
for case of unsymmetric Load from Sheet C S 
5° The several lengths on the Load Lines showing the Loads 
between the crown and the points 1, 2, 8, 20 of the Kibj 

OT? j T, 1 , Tj 2 , T, 3, T, 20, aie taken fiom the sub- 

columns headed “ Sums in Calculation-Sheet B foi the seveial 
Load- systems 

6° The lest of the constiuction of the five Equihbrium-Ouives 
will be readily followed from Art 9 

Step V — It has been already explained m Ait 9 that it is 
advantageous to make the “neutral curve” of the Rib follow the 
Eqwilihnum-Gurve Joi full Load as nearly as possible Construc- 
tive convenience however lequiies that the “neutral curve” should 
consist of only a few cwoulai aics, with common tangents at their 
points of union 

A “ neutial curve” consisting of only two ciicidai atcs in each 
semi-span closely following the Equilibuum-Guive for Pull Load 
(clear black line in Diagram E), has been found by tiial (chain- 
dotted black line in Diagram E) with two ladii of 369 and 618 
feet, respectively , the pan of ciieulai arcs of ladii of 369 feet meet 
at the crown with a hoiizontal tangent, so that then centre is on 
the vertical (VM) through the crown, the ladius 369 feet is used 
fiom the mown to the 8th point, and the ladius 618 feet fiom the 
8th point to the springing , and there is a common tangent at the 
8th point 

— It IS possible, and even likely, that when the constinctive details ale 
worked out with this “neutral curve” for the Eib, the centres of gravity of the 
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several actual Loads may be found not to fall on tbe atiumed verhoah marked 
1, 2, 3, 20 , or again tbe actual Loads themselves may be found not to agree 

with the Loads assumed in Sheet A Should eithei of these possible discrepancies 
be eonsxdei able, the Eqmhbiinm Curves will of course be consideiably affected, 
and It will bo necessary to go through the whole process again In fact the present 
Itesults can only bo regarded as piehminary] 

Step VI — To find the Biiect Thrusts (T) in the bay between each 
pair of points This is at once done by scaling (with, a scale of 
100 tons to an inch) from the centre of the seveial circles maiked 
Gj to the several points maiked T, 1, 2, 3, 20 on the several 

Load Lines The Eesults are shown in Calculation-Sheet D in the 
Bub-columns T 

Step VII — To find the distoitions ot departures (S) of the Equi- 
libiium-Cnrves fiomthe “neutral cuive” of the Rib (chain-dotted 
black line) 

This IS at once done by measuring (with the scale of 40 feet to 
an inch) from the seveial points 1, 2, 8, . 20 on the “neutral 

curve” the peipendicular lengths (1) to the corresponding sides of 
the “ Funicular Polygon ” for each Load-system The Results are 
shown in Calculation-Sheet D in the sub-columns I 
Step VIII — To find the Flange-Areas —{See Art, 4) 

Foi tbe leasons given in Art 3, viz , the small obliquity between 
the “neutial curve” of the Rib and each Equilibrium Cuive at 
corresponding points, tbe values of the Direct Thrust (N) perpendi- 
cular to the normal cross-secmons of the Rib, and of tbe tangential 
Thrust (T) in the Equilibimm Cuives aie so neaily equal, that it 
has not been considered woitli while undertaking tbe laboui of 
calculating tbe accurate values of the former, and the (alieady 
found) values of T are taken for N 
The value of the quantity, — 

Maximum mean crushing stress-intensity -» 

admissible (denoted by Sz in tbe notation), J ^ tons per sq^, in 
for tbe matenal (steel) of the Rib , the Plange-aieas (A = A, + A,) 
aie now easily found by tbe approximate formula (19) of Art 4, 
the half depth (/) of the Rib being taken as 11 feet. 

The Area (A,) required to meet the Direct Thiust (T) alone is 
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2b IHEOHY Off BHAOBD ABCH — 1HDD8 BHIDaK AT STJKKUR 

at once found by dividing the Results in the sub-columns T of 
Calculation-Sheet D by 6 5 

The additional Area (Aj) requiied to meet the bending action is 
at once found by multiplying the (alieady found) values of A, by 

the quantity since/ = ^ x = 11' 

The Total Aiea (A) lequired is now at once founds as the sum 
of the partial Areas (A, + A,) 

The Results aie exhibited foi the several Load-systems in the 
sub-columns maiLed Aj, A,, A of Calculation-Sheet D 
[Ifc lias not been thought with while to work out these Results f6i' eieiy Say, 
bat only for a snflicitut nnmbei of Bays to exhibit the maxima with toleiable 
certainty] 

The maximum resulting Flange- Aieas (A) for each Bay aie clear- 
ly exhibited by being printed in black lettei type Thus it will be 
seen that the 

Max Flange-Area lequiied at ciown = 141 iq in -a 
„ „ „ atspiinging = 213 in > 

Max maximoiura Flange-Aiea lequired = 208 sq m ' 

Step IX —To find the Sheai mg Stresses (F) across the Rib 
These being the resolved paits parallel to the normal eross-seotions 
of the Rib of the tangential Tliiusts (T) in the EquiUbiium-Curves, 
(see Art. 3,) aie at once found fiom the Diagram E, thus ~ 

1® The radii of the ciicular aics composing the "Neutial 
curve" of the Rib are drawn thiough all the points 1, 2, 3, 20, 

of the "neutial cmve", these give the directions of its normal 
sections, peipendiculars are diawn to each of these ladu at the^e 
points 1, 2, 3, 20 of the “ neutial curve ", which aie therefore 

the tangents to the " neutral cuive ” at those points 

2° Paiallels to these tangents may now be diawn (with the 
parallel lulei) thiongh the several points G- on the Diagiam E, and 
the perpendioulai distance of the fuithei end of the ladiatoi fiom G 
whioh lepresents the Thiu&t (T) in the Bqiiilibiiiim-Guive for each 
point of the “ Neutial Cuive” measuied on the scale of 100 tons to 
an inch) to the lespective tangents These quantities are of couiso 
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the resolved paita required As tins measurement can be done with, 
a plotting scale run along the edge of the paiallel rulei, it can be 
pietty lapidly done 

The Re&ults (values of P) are to be consideied of opposite sign 
according as the peipendioulai is measuied upwaids oi downwaids 

Ihe Rebults aie shown in the sub-columns maiked F of the Cal- 
culation-Sheet F for the scveial Load-systems, it will be seen that 
the Sheaiing Force (F) vanes fiom + 90 to — 92 as the maximum 
range, and fiom -f 81 to — 82 at the ciown, and is on the whole 
gieatest neai both eiown and spnnging, and decieases thence to- 
waids the 8th point 

Step X — 2'o find the St) esses R in the B)aces — These are at once 
found by the formula R = F oosec (Art 2,) which gives the 
magnitude of R 

Fiom the elevation of the Rib, it appears that cosec ? = 1 5 near- 
ly The chaiacte) (as to compiession oi tension) depends on the sign 
of F, just as in an ordinaiy hoiizontal Girdei 

A few only of the values of these Stiesses have been taken out 
in the Calculation-Sheet F, in the sub-column R , enough to show 
the maxima and minima It will be seen that the 

Braces at the crown aie liable to about 123 tons of aUe)nate ten- 
sion and compiession 

Braces near the springing are liable to about 138 tons of alter- 
nate tension and compression 

Braces at the 8th point are liable to about 48 tons of alternate 
tension and compression 

And in general it may be infeiied fiom the fact of the " Neutral 
Curve ” of the Rib lying neai ly half way between the upper and 
lowei Equihbiium-Curves of maximum distortion {see Diagram E) 
that the pail of Braces (intended foi Tension and Compression) at 
any pait of the Rib will be liable to about egiial amounts of Tension 
and Compiession, 

[iV5_Tlieie 1# a Bmall additional Stress to bo borne by the blaces due to / 
tbe cause explained in the K B at end of Ait 2, j i , not thought woith while 
detornuning] 
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Step XI — Eehor in approximate Eormula (19) pou Pdangb- 
Armas 

Applying the formula of Ait 11 to the case of the Sukkur 
Bridge, for ■which it appears from the cross-section and Calculation- 
Sheet G, thaty = ir = 132", yt — 134." 6, J = 134i" 234. 

.. Error in value of A, = (l ~ ^xTa ^) ^ 
value of Aj 

= (1 — 98 ) X approx value of A, 
= 02 X approx value of As 

Thus the approximate formula causes an eiioi of about two per cent 
m excess (because the approximate is greatei than the accurate 
value) in value of As, ^e , oi the portion requited to resist bending 
Now as the maximum value of A, is about equal to, and nowhere 
exceeds A„ (see Calculation-Sheet D,) » i? , is about equal to, and 
nowhere exceeds ^ A or J of the Total Area, it follows that— 

" Maximum Error in Total Area "i does not exceed 1 per cent , ” 
at any part of the Rib J and is on side of safety. 


CHAPTER IV— EFFECT OF WIND 
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1 , Za ~ length of any arc PVP' eymmetno about vertex, 
(PV = A = VP') 

2? = length of chord PP' symmetric about veitex (Pm = 
f = mP') 

X = mV the rise of arc PVP' 

0 = angle VOP' = VOP 
ft = Radius of aic 

a = mg, wheie g is centre of gravity of arc PP' 
h = average breadth of aic exposed to wind, in feet 
f = wind-pi assure in tons per ag ft - ~ - 

017857 tons per “g ft 

P = Total Wind-Piessuie on Rib PVP' {i e , on arc %i) 
in tone 

M = Moment of ditto about line PmP' in ft, tons, i s , the 
“ Bending Moment" 

Then P = 72 2s, (1) 

M = P . (2) 

Also Q = Total Vertical Pressure on sum of areas 
at feet (P, P') of aic PVP' 

= Total Veitical Tension on sum of areas 
at feet (P, P') of aio PVP' 
y = distance between centres of roadways = 66' 

Then Q = P J-, (3) 

Also,-y= Total Vertical Pressure (oi Tension) due to wind) 
at either foot of arc PVP' on one side of crown, ) 

A -y = Total Vertical Pressure (or Tension) on 
Bib at either foot P, P' of arc PVP', . 

— = Total Vertical Pressure (or Tension) on 

Bib at either foot P, P' of arc PVP', . 

The above Pressures or Tensions are all vertical, and estimated 
over the homontal plane areas of the Rib at P or P' 
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Those wtUcal Piessmes (or Tensions) pioduce 


__ ( Pressuie "J ovei a noimal section = Veitical 

Noimal ^ Tension / Piessme x sin 0, 

± Sheaiing Foioe parallel to noimal section = Veitical 
Piessure X cos 0, 


}(7) 

}( 8 ) 


Noimal Piessuie (or 
Tension) 
noimal aectionj 


(or-, 

:// 


of inner Rib = — 
of outei Rib = ~ 


f Bin 6) 


(9) 

(10) 


Sheaiing Force (±) i of inner Rib = i 
paiallel to noimal [ 


c cos 0, (11) 


section, 


of outei Rib = 4 -fcos0, (13) 
It remains only to calculate (*) the distance of oentie of gra- 
vity of arc PVP' fiom Pj»P' Now on account of the loughness of 
the appioximation (in calculation of the Total Wind-Piessure P), 
it will suffice to calculate a as if the arc VP were for eveiy position 
of P part of a circle with centie on the veitical VM thiough the 
vertex 

And in this case it is known that Oy = = R x ^ « 

Hence Vy = R — Oy = R (l — -j-) 

And » =«y = mV-Vy=-?- R (1 - 4)> * 

Application io Indus Bmdghi 


S Calculation-Sheet H shows the Results of application of the 
formulffl for effect of Wind-Pressure to the case of the Indus 
Bridge, 

Data furnished hy Besigner-^ 

Wind-piessur0 intensity, / = 40 IBs per sq it = 017857 
tons per sq ft 

Nett average breadth of Rib exposed to wind, h = IT 

Distance between centres of loadways, y = 66', 

Col 1° shows the number of joint leckoned fiom ciowu (taken 
as zero) outwnids. 

Col 2° shows the radius of the '' neutral curve " of Rih at each 
point of Col 1°, (taken from Sheet E) 
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Col 3° shows the distance (i) of each point in Col 1° fiom a 
vertical line thiongh the ciown, (taken fiom Sheet B,) which is 
the same as the serai choid lequiied in foimnla (13) 

Col 4° shows the setm-aic (s) measuied fiom ciown down to 
each point of Col 1°, taken fiom Diagram E, allowing 22 feet for 
each complete Bay measured along the Neutial Cuive 

Cols 5°, 6° contain the Rise (A) and Slope (6) of each semi-aro, 
taken by scale from the Diagiam E 

Col 10° contains the veitical distance (T) of centre of gravity 
of each complete arc fiom a hoiizontal line thiough its two feet, 
calculated by foimnla (18) for application in foimnlse (2), (3) 

Col 11° contains the Total Wind-Piessure upon each complete 
me, i e , between ciown and each numbeied joint 

Cols 13° to 19° contain the effects of the Wind-Piessure, as 
follows — 

Col 13° contains the Total Inciease of Veitioal Pressuie (J Q) 
upon hoiizontal planes thiough each numbeied joint, found by Eq 

(A), (4) 

Cols 14°, 16° contain the portions of above falling on the inner 
and outei Ribs respectively 

Cols 16°, 17° 18°, 19° contain the effects of the above npon 
ilie fiomal ci oss-secUons at the numbeied joints of the innei and 
outer Ribs, respectively, found by foimulm (9j, (10), (11), (12) 

It will be seen that — as might be expected-— 

“ The maximum Wind-elfeot takes place at the spun gin g ”, ' 
and amounts to an 

“ Increase of Veitical Pressure of 48 tons on iniiei Rih, "l 
96 tons on outer liib ” , S 

the effect of which on the normal ci oss-sections neai the spimgiiig is^ — i 
'' Inciease of Duect Thiust of 37 tons on inner Rib, \ 

74 tons on optei Rib” j 
“ Inciease of Sheanng-Stiess of 30^ tons on innei Rib, "» 

61 tons on outei Rib S 

And supposing the sum of Elange-Aieas of one complete Roadway 
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(or of two Ribs) to be about 270 sq in as shown to be necessary 
in Calculation-Sheet D, or about 135 iq in foi each Ribj this 
maximum Iiiciease of Diiect Thiust of 37 and 74 tons upon the 
innei and outer Ribs near the spungin^ gives a^ — 

Max Inciease of pressure intensity of 21 tons pei sq in m] 
inner Rib, f 

65 tons per sq in in T 
outer Rib ) 

[It has not been thought necessary to work out the Uosnlts for everj one of the 
numboied Joints , the Uesults foi the six Joints Nos 4, 8, 11, U, 17, 21 show all 
that IS required) 


CHAPTERV— STRESSES IN STAYS DURING ERECTION. 

1 From the mode of election, it is clear that the gieatest 
Stresses occur m the Stays — whethei Fore-stays, or Back-stays — 
when the Semi-aiches are complete, and are on the point of being 
united 

In the Sketch-Diagram for finding the Stresses in Stays during 
erection, the position and size of Trestle, and the position of Back- 
stay and of its anchoring have been taken fiom the Designei's 
sketch At the moment of completion, the Rib would be retained 
by four Fore-stays fastened to the points in the top Boom maiked 
8, 4, 8, 6, and the Tensions of these would be equalized by by- 
diaulic piesses. 

The diiectiou of the Resultant of the Tensions in the four foie- 
staya is therefore easily found, (by bisecting the angles between 
any two pans, and also the angle between these two bisectors,) and 
IS s\own hy a chain-dotted line OG in Diagram 

The distance of a veitical Gm through the centre of gravity 
of the complete (unloaded) semi-aich from the springing A having 
been found to be Aro = 166' 0, (see Calcnlalion-Sheet K,) the ver- 
tical G/n 13 drawn, and fiom G (the point wheie it cuts OG) the 
Load line 6D is set off to lepiesent the Load of semi-aich, Dii , 
872 tons, and GA is joined, and DE diawn paiallel to GO to meet 
GA in E 
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Then DE = 370 tons, shows the Total Tension m the fom foie- 
stays 

GE = 44i8 tons, shows the Thiust at the spnngmg 
Hence 'Pension of each foie-stay = 4 x 370 = 67| tons 
Nevt to find the Tension of the Back-stays and Piossuio on 
Tiestle, it is < leai fiom the mode of//ee suspension at the lied C of 
the Tiebtle, the Suspension-Link CO is fiee to take any position, 
t e ,tQ change in diiection until the Stiesses in the Foie-stiys, Back- 
stays and Suspension-Link itself (which all meet in 0) aie balanced, 
and it 18 deal that unless pieoented fiom moving hy adjusting the 
Baik-stay fiom time to time, it will ceitainly do so 

Now any such motion of the Suspension-Link (CO) will be — 
unless confined within veiy nairow limits — Jiighlg dangeious to the 
safety of the tiestle The diiection of the line CO is in fact the 
diieUion of Resultant Piessuie on the Tiestle now when this line 
IS veitical, the llesultant Pieesuie on the Tiestle will he wholly 
downwai d neitical Fiessme, and this is the only fivoiiiahle condition 
As the line C 0 inclines eithei way, theie will he paitial Tians* 
veise Stiain on the Tiestle, this will not be dangeious so long as 
the diiection of CO falls within the volume ot the Tiestle when 
the line CO is diiected towaids eithei edge of the Tiestle the whole 
Fiessuie mil be on that edge, and if the line CO deviates outside 
the Tiestle, th Tiestle will be thiown into state of a Cantilever, 
and theie will be a tendency to snap it acioss, oi to lift it ft on its 
bed 

It IS theiefoie highly desiiahle that the diiection of the line CO 
be in untamed as neatly as possible pettical, and this can be done by 
pulling the back-stay Of towaids the giouiid, so as to deflect it 
into a Curve (as shown in Designers sketch), and thereby inciease 
01 deciease the Tension in it at will 

Provided this vcitical position be maintained, the Total Tension 
in the Back-stays and Piessuie on the Tiestle aie easily found , 
thus— 

On OG take Qe to lepreeent 370 tons, the Total Tension of the 
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Fore-stays (^already found), and draw eK parallel to the Back-stay 
Ofio meet the now vertical line CO in K 

Then OK = 184 tons, the Total Piessuie on Trestle, (when 
the Back-stay is straight) 

eK = 310 tons, the Total Tension of Back-stays, when 
quite straight 

Supposing that in the endeavoui to keep the line CO veitical, it is 
found necessary to stiain the Back stay Ofs into the curved foim 
Of z, the actual Tension of the Back-stay and Piessnre on Tiestle 
are easily found by a similar construction taking Oe (as before) 
= &70 tons, eK' is diawn paiallel to Of, to meet the veitical line 
CO in K' Then as befoie 

OK' = 3£5 tons, the Total Piessuie on Trestle 
eK' = 335 tons, the Total Tension of Back-stay 0/ ' (neai its 
attachment to the Trestle) 

The horizontal Thiust in the Rib, and horizontal Tension of 
Fore-stays and Back-stays is in each case the same, vii , 268 tons 

ErPECT or Winu do king iRBcrxoN 

2 It remains to investigate the effect of Wind during election 
Consider first the effect of a Wind perpendiculai to the face of the 
Rib This will piodnee a much gieatei straining effect on the Bib 
itself, before the two semi-arches aie united at the ciown, than aftei 
completion of the bridge, because 

(1) before union at crown such a Wind throws the Rib into 
state of a Cantilever fixed at A, of viitual length AV = 
420 feet 

(?) after completion such a Wind thiows the complete Rib into 
state of a Cantilever fixed at both spiuigings of viitual 
length VM = 200 feet 

But inaemuch as befoie union at crown, the Rib has only its 
weight to sustain mthout any platfoim, such enhanced Wind effect 
IB of no importance, and need not bo fmthei investigated 

Considei next the effect of a wind blowing icross the iivei now 
102 





TiiFonv 


BIHCFD 


I — INDUS BUI nap AT SUKUOU 


inasmucli as the Trestle must necessarily be made capable'of stand- 
ing the effect of such a cross-wind of lisdf, i e , before it receives 
the aid of the Tensions of the Fore and Back-Stays, the effect on 
the Trestle need not be further considered 

Consider nett the effect of a Wind blowing across the River upon 
the under side of the Rib this would virtually lighten the weight 
of the Rib, and so relieve part of the Tension of the Fores tays, and 
theiefoie also part of the Tension of the Back-stays 

Consider next the effect of a Wind blowing acioss the River 
the upper side of the Rib the pair of Ribs expose an area to the 
Wind whose vertical projection may be roughly estimated at 200' 
(height of Rib) x 15', so that the Wind (taken at 40 Bs per sq 
ft of a vertical sniface) will produce a 
Total Horizontal Pressure ") = x 200' x 16' = 54 font, 
on convex side of Rib J neaily 
Half of this will take effect at head of Trestle and half at Spring- 
ing of Rib, vit , 

Increase of horizontal Tension at 0 = 27 tons, ^ 

Deciease of horizontal Preesuie at A = 27 tons J 
As this IS an increase of about -j-'j in the Horizontal Tension, the 
other Stresses will be simlaily increased, mz , by about of their 
normal amounts 
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SUMCUR 


Calodlation of Moments (W'’ W" x"), and of 
[Sfi« Step II, 


1 

AnSOTBS^ 

Dlafrraui E 

I 

Dead Load 0 

in half span 

II 

Full Load on 

half span 

III 

Dead Load on half span + 
Live Load (at 8) on quar 
ter span next centre 

s s 

& 

Detail 

W 

j Sums 

Moments 

Detail 

w 

Sams 

Momenta 

Detail 

■w 

Sums 

Moments 

I 

360 0 

357 

35 7 

12,852 00 

471 

47 I 

16,956 00 

47 1 

47 I 

16,956 00 

a 

341 5 

374 

73 1 

12,772 10 

53 6 

100 7, 

18,304 40 

53 6 

100 7 

18,304 40 

3 

3195 

385 

III 6 

12,300 75 

562 

156 9 

17.9559° 

56 2 

1569 

17.95590 

4 

497 4 

38 5 

150 I 

11,449 90 

56 li 

213 0 

16,684 14 

56‘i 

213 0 

16,084 14 

5 

4755 

385 

i 1886 

10,606 74 

55 8' 

268 8 

15.37490 

55 a 

268 8 

15,372 90 

6 

4544 

384 

227 0 

9,761 28 

55 5| 

3443 

14,108 10 

55 5 

344 3 

14,108 10 

7 

233 8 

38 2 

265 2 

8,892 96 

554 

379 5 

12,850 56 

554 

379 5 

12,850 56 

8 

211 8 

38 4 

3036 

8,133 14 

55° 

434 5 

11,649 00 

550 

434 5 

11,649 00 

9 

1914 

384 

342 0 

7.349 76 

546 

489 1 

i°.450 441 

546 

4891 

10,45044 

10 

1712 

38 4 

3804 

6,574 08 

544 

543 3 

9,279 04 

54 2 

543 3 

9.279 04 

11 

151 8 

38 2 

418 6 

5.798 76 

53 5 

596 8| 

8,121 30 

384 

5S15 

5.79876 

12 

1330 

37 7 

456 3 

5,014 10 

547 

649 5 

7,009 10 

37 7, 

619 4 

5,01410 

13 

1 14 2 

37 3 

14936 

4,2 59 66 

519 

701 4 

5.926 98 

373 

6,56 ,5 

4.259 66.. 

14 

966 

37 1 

5307 

3,583 86 

51 1 

754 ‘A 

4.936 26 

37 I 

693 6 

3,583 86 

15 

794 

399 

5706 

3,160 08 

53 3 

805 8 

4,2 21 '36 

39 9 

733 5 

3,160 oS 

i6 

63 0 

41 3 

6n 9 

2,601 90 

54 4 

860 o| 

3,41460 

41 3 

774 a 

2,601 90 . 

I? 

470 

42 8 

6547 

2,011 60 

550 

915 ° 

2,585 00 

42 8 

817 6 

2,011 60 

i8 

34 4 

47 5 

702 2 

1,539 00 

590 

974 ° 

1,911 60 

47 5 

8651 

1,539 00 

19 

18 2 

39 5 

141 7 

718 90 

49 7 

1043 7 

9°4 54 

395 

904 6 

718 90,“' 

30 

7 0 

I2’2 

753 9 

8540 

195 

1043 2 

136*50 

12 2 

916 8 

85*40 , 

21 

Nil 

Nil 


Nil 

Nil 


Nil 

Nil 


Nil 

tOTAliS 


753 9 

•• 

1129,465 96 

1043 2 


182,77772 

916 8 

• Ii 74 , 38374 p 

Ab,cl„» 

.1 - 











t ar'or* 



171 7 



1754 



188 0 

•ptlDSln, 

J 










Honzontal 




















Symmotnc 



6473 



9139 



86r 9 

Loads 
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TBEOlU OF UIUCED ARCH-INDUS l.UIDQL Ar SUKKDR 

Absoiss^ of Chhtrks of Gravity (e', J") 

Chap III ] 


IV 

Dead Load on half span + 
Live Load (at 8) on sixth 

V 

Dead Load on half span + Liv 
Load (at 9 ) on half span 

VI 

gl Dead Load on half span 4- 
1 Live Load (at 9) on third 
span next springing 

Detail 

W 

Sums 

Momenta 

Detail 

w 

1 Sums j Momenta 

Detail j g 

Momenta 

47 1 

53 6 
56 3 
561 
55 S 
55 
55 a 

47 I 
100 7 
1569 
213 0 
268 8 
3343 
379 5 

16,956 OC 
18,304 4c 

17.9559° 

16,684 14 

15,3739° 

14,108 10 
12,850 56 

486 

557 
584 
583 
579 
577 
573 
57° 
567 

56 2 

554 
54 6 

53 7 

539 

550 

558 
566 
605 

509 

30 4 

Nil 

486 

1043 

162 

221 

2789 

3360 

3939 

4509 

5076 

563 8 

619 2 

673 8 
7375 

7804 

8354 

891 2 
9478 

1,008 3 

1,0593 

1,0796 

17,496 OC 
19.021 55 
18,658 80 

17.33843 
15,951 45 
14,667 34 
^3,339 44 
13,072 60 
10,85238 

9,621 44 
8,409 72 
7,261 80 
6,13354 
5.IIOI4 
4,356 00 

3,51540 

2,660 20 
1,960 20 
926 38 
142 80 
Nil 

35 7 
374 
385 
385 
385 
_3l4 
57 3 
570 
567 

563 

55 4 
546 

537 

539 

550 

558 

56 6 

605 

509 

20 4 
Nil 

357 

73 
in 
150 1 
1886 
2270 
2843 
341 3 
3980 
4543 
5096 
5642 
6179 
670 8 

7358 
781 6 
8382 
8987 

949 6 
9700 

13,852 00 
13,772 10 
12,300 75 
11,449 9° 
10,606 75 

9,761 28 
13,33944 

13,072 60 
10,85238 
9,62144 

8,409 72 
7,261 80 
6,132 54 
5,110 14 
4,356 00 

3,515 40 

2,660 20 
1,960 20 
926 38 
142 So 

Nil 

3^4 

3S4 

3434 

38 2 
37 7 
37 3 
37 I 

399 

41 3 

42 8 
47 5 

395 
12 2 
Nil 

4179 

456 3 
494 7 
5339 
57° 6 
6079 
645 0 
684 9 
726 2 
769 0 
816 j 
856 0 
868 2 

8,133 13 
7.349 76 
6,574 08 

5,798 76 

5,014 10 

4,259 66 
3,583 86 

3,160 08 
2,601 90 
2,011 60 

1,53900 
718 90 
85 40 
Nil 

868 2 

.. 1163,06222 

1,0796 


1 89,494 60 

9700 


‘56,103 82 

18? 8 

1755 

160 9 

8153 

947 5 

7805 
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TJNSYMMETnio Load 

Hokiaontal Thkusts and Elevations op tangents at crown above 

SPltlNOING 

[S-iJoStep Ill.Clmp HI] C 


Live Load or | span, (at 3 ton) 

W" 132,777 72 

W' = 172,383 74 

2iH ~ 33^, I' 1 46 , {^87 9037 tons 



205' 9 


= 194' I 


11 Live Load on ^-apan, (at 8 ton) 
W" a" = 182,777 72 
W o' = 163,062 22 



lu Live Load on ^ span, (at 9 ton) 
•W" = 189,494 60 

W' o’ =: 129,465 96 
* 2/lH = 318,96036, 


fanO H =: 
I797 4014 tons 


"=^^==^ 37'6 


Live Load on ^-ipan, (at 9 ton) 
W a" = 156,10382 
■W' o' = 129,465 96 


7'3 ;2ii 
IZ9 4(1-1 q6 


= 218' 7 
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THKORt OP BRAOBD ABCH INDDS BEIBGB 


EVT^KVn 


Stebsseb and Oross-Seotiohs 
Ses Steps YI , YII , ^ A, = Cross se tion of txitli Flanges to hear 

Ylll , Chap III , I A, == Additional ditto ditto to bear 


! 


Full Load 



Load on ^ span from right 

& 











1 

T 

A, 1 . 

A. 

A 


A, 

3 

A 


a- 3 
3 - 4 

914 

141 



141 

867 

133 



133 

4 - 5 

5 - 6 

r-i 

939 

145 

1 

10 

155 

897 

138 


31 

169 

8- 9 

1,013 

156 



i5<5 

973 

150 

6 

82 

232 

9 -IQ 

1,037 

160 


7 

167 

990 

153 

6 

83 

236 

lO-II 

1,064 

164 

1 

10 

174 

1,010 

156 

6i 

92 

248 

lt-I2 

1,092 

168 

i 

8 

176 

1,030 

i 5 ^i 

6h 

94 

252 

13-13 

1,122 

173 

° 


173 

1,052 

162 


96 

258 

13-14 

1.153 

178 



178 

1/074 

165 

6 

90 

255 

14-15 

1,185 

182 



182 

1,095 

168 

6 

92 

260 

15-16 

1 ,219 

188 

i 

4 

192 

1,120 

172 

5 

78 

250 

16-1 7 

1,256 

193 

1 

9 

202 

I.I47 

177 

ll 

73 

250 

17- 18 

18- 19 

19- 20 

1.294 

199 

1 

14 

213 

I.I75 

i 8 i 

4 

66 

247 

20-21 

1.387 

213 



218 

1.244 

191 



191 

H 

914 





865 
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IK LEFT SeMI-ArOH 


the Total Diiect Thinst (T) (A, = 1—65) 

the beudiBg action (A, = A,, and A = A, + A,j 

D 


Load on 

span from left 

1 





















1/ond on ^ span fiom n^^ht 






T 

A, 1 . 

A, 

A 

T 

A, 

3 

A, 


/ 8oa 

I as 



123 1 

716 





1 8oa 

123 



1*3 1 




ITO 

r 8io 

1 83X 

t25 

laS 

6 

<53 

70 

iS5| 

198 / 

7*4 

HI 

si 

35 

146 


88o 

135 

8^ 

104 

239 \ 

777 

130 


109 



886 

136 


105 

241 f 

10 


I 

9 °+ 

903 

139 

139 

9 

1 13 

lOI 

2631 

240 ( 

802 

123 

ri 

123 

246 

1 

932 

922 

144 

14a 

6 

1 

118 

go 

262 1 
232 / 

827 

127 

II 

la? 

*54 


90a 

9^2 

148 

145 

8 

1 

108 

pa 

* 5*51 
*37 / 

857 

13* 

H 

132 

264 

1 

994 

962 

153 

148 

8 

6i 

III 

88 

364 \ 
336 1 

889 

137 

loj 

131 

268 

i 

1,027 

984 

158 

151 

7 

6 

lOI 

82 

*591 
*3 3 ( 

923 

142 

9i 

123 

266 


1 ,060 
1,003 

163 

155 

6 

5 i 

89 

78 

* 5*1 

*33 ( 

956 

147 


114 

261 

i 

1,098 

1,030 

up 

159 

6 

5 

92 

7a 

261 i 
231 ' 

993 

153 1 

1 

97 

250 


1)13? 

1.057 

175 

163 

4 

4 

64 

59 

239 J 

1.033 

159 

6 

87 

246 


1.177 

1,085 

[81 

i6l 

3 

3 

49 

46 

*30! 
*13 J 

1,075 

165 

4i 

68 

*33 

r l,a78 

1 I.I 55 

197 

178 



197 1 
178/ 

1,176 

181 



181 

191 





714 
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THEOBY OF BRAOBD ABOH-INDUS BBIDGE AT 8UKKTJB 

Shbabing Fobobs (F), and STRBesBs in Braces (R) 
[Se« Steps IX, X, Chap HI] 

[R = F cosec t] 
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, Chap IV] 



6i8 I sj'o o| 431 o 1^00 oj 5o°i| 858] J42jS7 756 iia 2 169 3118,995 4c 



THKOEIT 


BHAriCI) AHOH — ISDUS BBIDOE 


CaLCDI^ATION of ABSOISBA Ol OKNTRB of ORAYITy OF BNLOADED RIB 

K 



ABSoiasiB • 

j Unloaded Eib 

Number 

Fiom spiinging 

Jjondat 

Sums of Loads 

Moments 

0 

3700 

10 0 

10 0 

3,700 00 

a 

360 0 

135 

33 5 

4,860 00 

I 

341 5 

16 3 

39 8 

5.566 45 

3 

3195 

170 

568 

5.431 50 

4 

297 4 

17 1 

73 9 

5.08554 

S 

*75 5 

17 * 

91 1 

4.738 60 

6 

*54* 

17 3 

108 4 

4.397 66 

7 

332 8 

17 4 

1*5 8 

4.050 73 

8 

311 8 

17 7 

143 5 

3.748 86 

9 

191 4 

179 

161 4 

3)4*6 06 

10 

171 3 

18 I 

1795 

3.098 73 

II 

151 8 

183 

197 7 

3.762 76 

12 

1330 

' 183 

*159 

2,4*0 60 

13 

114 3 

183 

*34 i 

2,089 86 

14 

966 

18 5 

253 7 

1,787 10 

15 

79* 

188 

*71 5 

1,488 96 

i6 

63 0 

30 0 

*915 

1,260 00 

17 

47-0 

21 3 

31* 7 

996 40 

i8 

33 4 

31 2 

333 9 

68088 

19 

18 3 

205 

354 4 

373 10 

20 

70 

177 

37* I 

123 90 

Totals, 


37* 1 


63,00? 67 

Abscissa of 
centre of 
gravity 

1669 



* As in Cftlcnlation-Sli«atB 
t Fonusho^ by Dwigner 
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ADDENDUM BY AUTHOB 

It has been pointed out* to the Authoi since the submission of 
this Report, that two of the assumptions made theieiu aie incor- 
rect, va , 

(1) The Clown is assumed to be ^ fixed point , 

(2) The Loads are assumed to be applied fixed horizontal 
distances fiom the spimging, and that the eon eot condition 
to assume would be, that the neutral cm ve of the Rib undergoes 
distoi troll subject to condition 

Either, 1°' — that each chord of the neutial curve is of fixed 
length, (neglecting the compressibility of the 
mateiial). 

Or, 2® — that each chord of the neutial curve is compressed 
piopoitioiially to the Thrust therein 
It must be freely admitted at once that the Conditions (1) and 
(2) assumed in the Essay and in the calculations baaed theieon are 
incorrect, and the Result 2 therefore faulty, and that Conditions 
1° and 2° are the correct ones to adopt 

The assumptions (1) and (2) were adopted solely on account of 
the simplicity of the mathematical work resulting from them 
Thus in consequence of assumption (2), the calculation of the Mo- 
ments of the Loads is easy, and in consequence of assumption (1),— 
(taken with the condition of free joints at crown and at both spring- 
mgs),- — the Equilibrium-Curves can be easily drawn This falls 
entirely within the piinciples of elementary Statics 

If the distortion of the Rib be consideied, an immense complexity 
at once results, for the Loads being no longer applied at fixed points, 
then positions and their Momenta can only be found by an indireot 
and difficult process, being in fact implicitly determined by Condi- 
tions 1° or 2° It is no longer a problem of simple geometry and 
simple mecbanics The Eqnihbnum-Cmves also can no longer be 
diawn by any elementary process The intioduction of the eom- 
* By Mr E H Stone, Asst Consnltr Engineer to Govt for State Railways 
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pression of the Eih (as in 2°) would introduce a further great increase 
of complexity 

These assumptions aie also geneially accepted at the outset by all 
authoiitieSj eg , 

(i) See M Gandard’a Paper No 1224 of Vol XXXI of Proceedings of Inst 
of Civil Enginoei'!, Alt 12 (on page 84), wiere the phrase 

“ The cakniationa *»**•**••♦ would 
be aiMplo and ccitain” shows at once that these assumptions ate adopted 

(ii) &ee Mr Bell at pages 143 to 118 of same Vol , who mates same assump 
tions 

(ill) See Eankme’s Civil Engmeeimg, 6th Ed , page 641, Case IV, (which is 
case of picsent arch) his mode of working out hia Eesults involves same assump* 
tions 

(iv) See Mr Bell at page 79, Vol XXXIH of Proceedings of Inst of Cml 
Engineers, who— so far as the cases comcide — makes same assumptions, Vit No (2) 

The adoption of a piocess is not of course justified by its simplicity, 
nor even by geneial adoption, unless it is known a p ion (or can be 
shown) that the approximation is sufficient 

Let it be noted then, first with leference to the distortion of the 
Rib, that the points of application of the Loads will move only 
slightly, so that then Moments will change only slightly, and their 
Resultant Moment will change but little Similaily the Total 
Stresses will only be slightly alteied by this slight shifting In 
face of the uncertatnig of the data (the magnitudes of the Loads 
themselves) the errors in these quantities are (in the Author’s opinion) 
probably not worth coiisideimg 

Next as to the Equihbrmm-GurveB these will also be distorted 
with the shifting of the points of application of the Loads, and — in 
a certain sense — may be expected to follow the distoition of the 
" neutral cuive ” 

But the separation of these curves, » e , of any Equilibimm-Curve 
and the neutral cuive in their distorted state will not of course be 
the same as if they were undistorted and it is quite uncertain ^ 
pnort whether the variation of this separation will be a relatively 
small qtiank/y or not, * e, very small corapaied with the separation 
which IS itself a small quantity or in other words, whether the 
Ebuor in estimating the separation is small 
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And it IS upon this separation mainly that the Bendino Mo- 
MENis (a diffeient quantity from the Momenta of the Loads above 
quoted) and Stresses due to unsuitability of figuie of the Neutial 
Cuive depend * 

And herein accordingly the numerical Results in this Report, 
based on assumption of Conditions (1) and (2), cannot be said with 
any ceitainty apnon to be sulfieiently approximate 

Consideiing the gieat size and costliness of the Bridge in ques- 
tion, it would be light to re-examine this 

The mathematical woik involved would of course no longer be 
simple, and the calculations would certainly be very laborious 
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EXACTION OF TASKS ON RELIEF WORKS 


By J A WitLMOttE, Esq CE, Bxec Engtneet 


The difficulty experienced m exacting tasks from tke different classes 
on relief works has been very clearly shown in Mr Elliott’s Report on 
the Mysore Famine, and as no details are there given, it may be of use 
to those who may heieafter have chaige of such works to know how it 
was carried out by the Engineer officeis, with a very fair amount of 
success in the Lucknow Division 

We had nothing like the supervising staff allowed in Mysore, which 
(Chap V , page 72) appears to have consisted of a Civil officer for each 
work for general duties, and for the actual work, a Sub-Overseer for eveiy 
1,200, an Oveiseer for every 2,400, and a Sub-Engineer or Assistant for 
every 4,800 coolies, here, theie were no Civil officeis attached to works, 
and the staff for each work consisted of a Public Works officer in charge, 
and a Civil Subordinate such as a Peshkar, Schoolmastei or other avail- 
able person to make payments, so that all classing, ganging, hutting, 
conservancy and the thousand and one details of a relief work had to 
be attended to by the Public Woiks officer 

Only one work in the Division was in chaige of an Assistant Engineer, 
all the rest being under charge of Overseers and Sub-Oversoers, who as a 
lule worked moat creditably, one native Oveiseei having had at one tima 
as many as 10,000 people on his work, from the bulk of whom tasks were 
exacted, and that they were fairly treated is pioved by the fact that most 
of his people accompanied him from one work to another 20 miles off, 
when the first waei' completed 
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In tbe Baiabanki District the unit foi measurement was for the 
greater part of the time, one beldar and his coohes, so that idleness was 
hronght home to the actual cnlpiit, this of course is most desirable and 
IS commented on in page 80, Chapter V of the Mysoie Report, but the 
labour of measuiiug up in such detail is very great and takes up much 
time, and the Famine Commissioner and the Chief Engineer on Tisiting 
the woiks considered it unnecessaiy, and decided that the gang should 
form the unit of measurement 

The nominal roll system by which every person’s name, &c , is written 
down when they first come, and they are placed in the same gang day after 
day, (see paia 36, Chapter V , Mysore Report,) was tried and failed, for 
the reasons that people did not come to the work every day regularly, 
that it took so long to pick out each person’s name from a long foil of 
thousands, that half the day was lost in writing up the rolls, and the 
Public Works officer had no time for laying out work ahead of the 
working gangs, and this in road work, wheie the woik advances rapidly, 
threw every thing into confusion 

The muster roll system described m the following rules was adopted 
and worked well, havmg failed only in one instance, where owing to neg- 
lect on the pait of the Impiest holder, money had not ariived at pay time, 
the recurrence of this was obviated by the order for nominal rolls to' be 
prepared whenever lain threatened oi money was likely to be insufficient, 
the mustei rolls foimed daily cash and woik vouchers, and no othei 
accounts were reqmied from the officers in actual chaige, as from these 
the Dishict Engineer could prepare all the returns and accounts required 
by Government and by the Accounts Department 

Exception may be taken to the order that only 6 inches of earth is to be 
taken from excavations, on the score that the top and presumably the best 
soil will be removed from a large area To this I can only say that I have 
just been over one of the roads completed last June, and the whole of the 
excavations in cultmablo gionnd aie under ciops and iindistinguiahable 
from the rest of the fields, and on another road wheie the excavations were 
in jungle, the ground excavated has for the first lame been brought under 
cultivation, whereas had deep excavations been made, the reienue of 
so much land would have been peimanently lost to Government 
The rules that follow are those which were diawn up by mo for the 
guidance of the officois of my Division when rehef woiks weie first 
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stalled, modified as experience directed fiom time to time They were 
found to be piactieable and easily understood and worked by Native 
Public Works Suboidmates, of whom I had no less than 10 in independent 
charge of woiks I do not for a moment suppose they are the best 
obtainable, but they have proved practicable, which is something to say 
and may be of use to others 


Setting out loorh — Before any work is started at least half a mile is 
to be laid out, and the laying out must at all times be kept well ahead 
of the woiking parties, a special gang should be kept on this work, and 
the Public Woiks officer in charge should give a oeitain portion of his 
time to it each day, as on its proper performance depends whether tasks 
can be exacted easily oi not 

Pegs properly levelled will be given at 50 feet intervals or nearer if 
necessary , in embankments the profiles will be marked out with bamboos 
and string, and as these are liable to be removed, earth should be thrown 
up at each profile as quickly as possible and worked to the proper section, 
as a permanent guide for the working parties , in cutting the section will 
be given at 60 feet inteivals, by cutting trenches 2 or 3 feet wide right 
across, the outer edges of embankments or cuttings and outer and inner 
edges of side dinins are then to be daghbeled 

Whore the earth from side drains will not give what is lequisite to 
raise the road, it will be obtained by excavating fiom land along side oi 
from any waste ground near, avoiding sand oi oasur , such excavations 
will be only 6 inches deep, and the inner edge should not be less than 
4 feet from the outer edge of side diam , the width of the excavations re- 
quired should be loughly calculated and daghbeled out m 10 feet lengths 
Receiving and classifying labourer s — All who come and are fit to do 
any work are to be received up to 9 a m , and the Public Works officer 
will separate them into the following four classes 

Glass I — Able-bodied, who will be requiied to do a full task, or 76 
per cent of what an ordinary labourer can do 

Glass II —Those who can do only half of the above task 
Class III —Those who can do only one-quarter of the full task 
Glass IV or special gang of aged and weakly, able to do hght Work 
only, these will not be tasked 
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People who from ago or fiicknasa aio unable to do any thing will be 
sent either to the poor house or hospital , the greatest possible care 
should be exercised in classing, and when there is any doubt as to the 
class, the person shoilld be placed in the lower 

The classes are to be kept quite separate on the woik 
Qanging — This may be most conveniently and speedily done when 
classing, the people being classed and ganged at one and the same time 
Gangs should consist of from 10 to 15 beldars and a sufSoient number of 
coolies, but no gang should contain moie than 100 peisons, no men 
should be allowed to do coolies work until sufficient beldars have been ob- 
tained to employ all the women and childien Each gang shall be under 
a mate, who should be selected from the people The mate will bo respon- 
sible for keeping the numbers of his gang together, and for the tools 
supplied, and when the gang is formed, his name, the number of men, 
women and children forming his gang, and the tools issued, will be en- 
tered in the muster roll by the writer of the section 

Each gang as formed will be told off to the woik and shown what to 
do and how to do it, some good mistiies being employed for this purpose 
Meamtng itp— Will be done by the Public Works officer assisted by 
Ins mistnes every afternoon foi each gang, and this, if the setting out 
has been properly done, will be a veiy simple matter, as only the lengtli 
will have to be measured, and the depth (6 inches) tested , as each gang’s 
work is measured, all matama and irregularities should be cleared off, and 
the excavation left square right across, so that work cau start fair next 
day, any gang not doing the allotted task are to get the minimum wage. 

Paying — The wages earned by each gang will bo entered by the Public 
Works officer m the muster roll of the gang, which will be made over 
to the paying officer, who will always be a Civil officei or subordmato 
appointed by the Magistrate of the District, and unconnected with the 
Publio Works Depaitment, and one snob paying officer will be required 
for every 2,000 people At pay time the writer of the section will accom- 
pany his gangs and see that the tools issued as entered in muster roll are 
all returned befoio any payment is made The gangs will be made to 
sit down, the muster rolls will be given to the paying officei, who after 
paying will enter the amount aotnally paid and letuin the muster roll to 
tlio Public Works officer as his cash voucher 

Paying should commence not later than 6 pm, and be completed by 
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7pm, I e, 2,000 people ehonld be paid easily by one person m two 
hours 

Scale of wages — Will be fixed by the District Engineer under the 
Magistrate’s orders, for each work according to the price of grain , the 
wages foi each rate and class will be found m the punted table attached 
to G O No 1301 A C , dated 12th September, 1878 The District Engi- 
neer will gire the rates m wilting to the oEficei in charge of each work 
Nominal Rolls — If from any cause such as likelihood of ram or in- 
sufficiency of money (this latter cause is invanably to bo reported and 
explained to ExecutiFe Engineer), it is feared that payment cannot bo 
made the same day, nominal rolls in the form attached must be prepared 
by the waters as soon as the gangs have been got to work The muster 
rolls will be prepared as usual 

Nominal rolls must also be piepaied the day before the weekly holiday 
Sundays and Holidays — Sunday will not always be a holiday, one 
day of rest will be given each week, and Sunday should be selected as 
often as possible without letting it be a legnlar thing , the day before 
the lest day, nominal lolls will be prepaied and made ovei to the paying 
officer who will pay those entered, if they aie present at the time ap- 
pointed, persons presenting themselves for the first time on a rest day 
should only be taken on if in great distress, and should then receive the 
minimum wage only 

Ammint oj tasks — The District Engineer will fix the task for each 
according to the soil and season, the following details are given as a 
general guide — 

In May m fairly hard soil a beldar of Glass I dug 200 cubic feet in a 
day, and this was increased m August, after ram to 250 cubic feet 
The number of coolies to each beldar will depend on the lead , a strong 
woman carries 100 cubic feet of earth m 225 baskets, and a child of 
10 to 12, in 480 baskets, the distance allowable for a strong woman is 
12 miles per day, so that with a lead of 100 feet, a strong woman is 
required for every 160 cubic feet dug, but as on relief works only 75 
per cent of an ordmary day’s labour is to be taken from Class I It fol- 
lows that, for— 

50 feet lead one woman is roquued for 226 cubic feet dug 
100 „ two „ are „ „ „ 

For the other classes the numbers must be doubled and quadrupled 
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In fixing tasks care must be taken not to make them too heavy at first, 
but to work up to what is consideied a fair task, giving notice the pie- 
vions day of each increase 

Petty Establishment — A writer to write up muster rolls, nominal rolls 
and assist in ganging, &o , will bo allowed foi every section of 600 people, 
and for every 2,000 people, one extia will be allowed to look after the 
tools, see to their repairs, and the accounts of the repairs gang, which he 
will also act as mate of, these men will get Bs 10 to 15 a month 
One mistii capable of laying out and supeivising the work will be 
allowed to every 500 people, these miatris will get from Bs 8 to 1 5 
Accounts — The officer m ohaige will keep his Imprest Cash Book and 
Daily Bepoit Forms according to Code Buies, they are to be written up 
every day and submitted to District Engineer as often as he may order, 
the only other accounts to be kept by the officer in charge of the work 
are the Muster and Nominal rolls m forms attached 
From these accounts the District Engineer will be able to prepare the 
Monthly Day Books and the Weekly Eeturns of numbers and cost, and 
the Monthly Nominal rolls which have to be submitted to Government 
Supply of Money —Funds will be allotted to the Distiict Engineer, who 
will arrange with the Magistrate of his District for a sufficient supply of 
copper money , each officer m charge of a relief work should be an 
Imprest holder, having an imprest sufficient for at least three day’s pay- 
ment The Impiest holder will each day supply the paying officer with the 
money required for payment, and will enter the amount actually paid in 
his Cash Book, attaching the Mustei roll or Nominal rolls as vouchers, and 
sending his Imprest Cash Book to the District Engineer for recoupment 
as often as ordered 
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BOAT BRIDGE OVER THE RIVER RAVI AT CHICHAWATNI, 
PANJAB 

[Vide Plates I —III ] 


By Rai Bahadur Kunhya Lald, Amo. Inst C E , Eareo Engineer, 
P W. Eept , Panjab 


The above boat bridge was foimeily of the old usual construc- 

tion, mi , boats supported against the stieam by mun] cables and anchors 
In the heavy rams of 1876 it was swept away, and was reconstructed 
in 1877, m a new cutved form with boats supported on a strong iron 
chain, without any anchors in the liver on the iip-stieam side 

It has eight anchors, or one to every alternate boat, on the down-stream 
side with munj cables, and about 20 feet of |-inch chain to each at the 
end, attached to the boat to pievcnt the bridge being blown up against 
the liver by high winds 

Plate No I shows the present general form of the bridge, and Plates 
Nos II , III , contain the constructive details 

The up stieam chain is a one inch shoit linked iron chain called “ crane 
chain,” and the down-stieam chain a f-inch stud chain 

The bridge consists of 16 boats in the cold weather, and 38 boats m the 
rains. The boats aie large, of standard pattern, and the superstructure 
IS also of standard pattern, on plan and specification published m Eooikee 
Professional Papers, see Vol IV of 1st Series, Paper No OLSVIIX 
The ends of the trussed girders are cased with sheet-iion, see figure 7, 
Plate No III , to protect them against rapid wear and tear 

The chains aie fastened to the boats at bow and stern, by means of stoUt 
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wooden 13100116 and non folks, see figures 8, 9, 10 and 11, Fla(e No III 
The ends of the up-stream chain are secured to a mass of concrete of a 
tiapezoidal shape, 10 feet wide at the back, 16 feet at the front, or to- 
wards the riyer, 16 feet long, and 12 feet deep, see figures 2, 3 and 4, 
Plate II 

The mass of concrete has a rectangular hole in it, 8 feet high, and 1 
foot wide, through which the chain is passed, and fastened to a stout 
block of wood 7 feet long, 12 inches wide, and 18 inches deep, placed 
horizontally at the back of the mass of concrete, which is made at right 
angles to the diiection of the chain, and secured to it by means of strong 
iron bolts attached two othei pieces of wood, laid vertically on the sur- 
face of the concrete, ns shown m the figure The chain is wrapped round 
the block of wood two or three times, and the end links fastened to other 
links of the chain, by means of thin telegiaph wiie, in two oi three places 
The semi-oircular well at the back of the mass of conoiete admits of 
this fastening being examined and re-adjusted whenever neoeseaiy The 
ends of the horizontal block of wood to which the chain is fastened aie 
built 6 inches on eithei side into the masonry of the well, and the open 
space between the block and the suiface of the concrete is filled with 
sbiort pieces of wood, bolted to the vertical pieces 

Each end of the down-stieam chain is fiimly mooied to an iron anchor, 
secured in its place, 5 to 6 feet under ground, by means of six strong 
pieces of wood laid ogamst it, at right angles to the diieotion of the 
chain 

The chain is wrapped lonnd the iron anchor, and the end links fastened 
in two or thiee places to the other hnks of the chain, with thm telegraph 
Wire, in the same way as the up-stieam chain 

The upper ebun, which is 1 inch in diameter, is tested tp 16 tons, and 
has a bieaking strain of 32 tons 

The maximum stram to which it is subjected in the bndge diumg 
heavy floods is about 8 tons, which is its safe woiking load, so that theie 
IS no fear whatever of its giving way 

The efficacy of this chain was fiiUy tested in the heavy rains of July 
and August 1878, when heavy floods came down the iivei, and subjected 
the cbam to an unusual stiaiu The ebam stood perfectly safe, and 
the budge was mamtamad and kept open for tiaffic throughout the 
floods 
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The lower chain has a proof stiength of 8 tons, and breaking strength 
of 16 tons 

The stiain on the uppei chain is calculated as follows — 

It has been found, fiom actual expeiiments, that the tension of one 
bridge boat, loaded with Biipeistiuctuie of one bay, is about 60 lbs m a 
velocity of 3 feet pei second Of the 18 boats m the budge during the 
lains, 6 boats in the middle, or in the strongest cniient, aie subjected to 
a velocity of about 10 feet a second, 6 to a velocity of 7 feet n second, 
4 to a velocity of 5 feet a second, and 2 to a velocity of S Lot a second 
Now the strains m diffeient velocities vaiy as the squares of the velo- 


cities, theiefore, 

The strain on the middle 

6 boats IS equal to 6 X — = 4,000 lbs 

Ditto on othei 6 boats = 6 x — = 1,960 „ 

Ditto on 4 boats = 4 x = 666 „ 

Ditto on 2 boats = 2 x 60 = 120 „ 

Total 6,746 lbs 
Add for waves at one-fourth of above = 1,686 „ 
Piessure of wind, in a hiiincane, at 100 tbs per 
boat and supeistiuoture of one bay = 18 X 400 = 7,200 „ 


Total strains = 15,032 lbs 

= 7 tons nearly 

Now the strain in the middle of the chain is B = 

Wheie L = weight, 

C, the clioid 01 span, and 
V, the veised sine 

If the veised sine weie made one-eighth of span, then S = L 
In the case of the Chichawatni boat budge, 

L = total stram on the bndge 
= 7 tons 
C = 644 tons 
V = 80 tons 

Therefoie b, or strain in the middle of the chain = L " 7 tons 
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Strain on the chain at each end = S X sec of angle of chain with 
the span, (which being 27°) = 7 x 1 12232 
= 7 856 tons 

Therefore the niaximnm strain on the chain is 7 856 tons Its safe 
working load being 8 tons, or half the pioof stiength, it is quite strong 
enough to support the budge The lowei chain also adds 4 tons to 
the safe working load of the upper chain, so that the budge is perfectly 
safe, even if a heavy flood and strong wind came upon it fiom the np- 
stream side, a contingency which can seldom, or never, happen 
The aboTe form has been adopted foi this bridge, owing to the river 
at Chiohawntm being confined between two bold and defined banks 
The advantages of this construction over the old system of suppoiting 
boats with munj cables and anchors, are cheapness and permanency 
Bridges on the old plan lequne temporniy anchors and cables, which 
involve constant lenewal and consequent serious expense The anchors 
also often fail to hold, owing to the shifting nntnie of the beds in many 
of the rivers Besides gioss iiibbish, blanches of tiees, floating logs, 
and wrecks of boats, &c , coming down the iiver, especially m floods, 
catch on the cables, which, when the anchors hold, become so deflected as 
to be actually vertical, causing the bows of the boats to be deeply 
buned towauls tho iip-stieam side, which subjects the budge to seveie 
strains This was veiy much felt at the boat bridge at Shabdera during 
heavy floods, so much so, that tlie budge, when on the old plan, caused 
very seiious iiioouvenience, and sometimes gave way, leading to the loss 
of a great portion of superstiactuie, and sometimes of boats also 

The old budge at Shahdeia has also been replaced now with a budge 
in the new cm vsd form exactly similar pattern to that at Chiobawatni 
but at Shahdera, the uvei being wider, theie me 24 boats in the bridge 
and the length of the crane chain supporting the boats is 1,300 feet 
The mode of construction is the same at both places 
In streams with low or shifting banks, the old plan is the only one 
that can be adopted, vu , straight bridge, with boats supported on cables 
and antbois 

K L 


Lahore 

28fli Feh muj, 1879 
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HYDRAULIC MEMOIRS 

New Researches on the expression op the conuitions op 

MOTION OP WATER IN DRAINS, BY M POPOPP 
Hejjorif of a Commusion of the Fiench Academy of Science on the above 
Commimoners MM de la Goni net le and de Saint- Venani {i ejioi iei ) 
Trans Ay Capt A LEAN Cunningham, RE , Hony Fell of King’s Coll London 


Translator’s Preface —The Report heio translated is published m No 20 of 
^-e”i .J t’ue Academy of Science for 11 

November 1878 As the Memoir is dosciibcd as nn important woik, this vrarmUt? 
this introduction of it to the profession in India 


The Author of this considerable woik, on which he wishes to haTe the 
opinion of the Academy, explains that the known formulee for water m 
motion applied in the usual way give foi seweis discharges much less 
than the actual* discharges , whence it follows that then habitual use 
tends to give for these subtoiranean conduits of uiban waters dimensions 
or slopes far greatei than what is necessary, and thus involves then ad- 
ministrations in luinous expense 

He seeks therefoie new solutions Although his mode of solving 
questions couoeruing them may be mattei of dispute, his woik has the 
advantage of taking up seveinl of them, of xecapitnlating little known 
results, and of presenting seveial practically useful considelatious It 
deserves therefore to be examined with care 

• He quotes on tMB point aoTcral English pnblloatlonB, eacli as tho Pi oeeedmgi of the IniHtutm o/ 
Civil JSngweirs Onihe Mam Drainage qf London, by J Bazalgette , Opinions of limn B Cliad 
Vie* and, R Ramnson anS espeolally, Sanitary Sngmeii inf, a ffuide of consIrutUon of mrti of tiu 
age and house drainage, by B Iiatham, ISTS 
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Tho formulie for uniform motion of water which he makes use of are 
those of Prony and Bytolwem, and especially those of Mr Weisbaoh 
It la convenient m the fiist place to collect these and to define their 
meaning 


It IS known that if wo style, with the usual notation, 
lit the men and x the Tvettcd peiimetcr of the cioss section of a uniform current , 
U = Its moan yelocity, the quotient on division by w of the discharge Q in 
cnbic mSties per second , 

L the length of a portion of an open channel, or of a pipe having its oiigin and 
its outfall in the ivatoi of two resuvoiis , 

A the fall oi head, being the diffoicnce of level of the fluid surface at the two 
ends of the part Xi of the open channel, oi of the suifnce levels of the water 
ui the two Tcservoiis which are joined by the pipe , 

I “ "j" the oonatant tlope poi mdtio of the open channel , 

J, in the pipe, the ini Utal slope, plaj mg the same part, and to which must be as 
signed the following value, so as to take account of the portion of the head 
h which IS expended in impressing the mean velocity U in the pipe , 
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dynamic cqiiihbiuim of tho fluid coutamed between two sections at unit 
distance apait, we have 

^ I, 01 ^ J = (2), 

an equation m wbioli is a coeffiueut of order — 1, being tbe quotient 
of a numbci by a linear unit 

Aceouling to flgnieB given in Englisli feet (=; 8018 mfetio) in Mi Popofi’a 
Memoii, M e have in nieties nccoiding to VVeiSpbath, 

Open clinnnels, >i = 0003776 + ( 3 )^ 

01 noaily as given by Ejtelivom , and accoiding to the same or to Mr Bomemann, 

Pipes floning fnll, i, — 000191 + , (1), 

VU 

whilst Evtelwem proposes ij = 000280 + oi more simply, 

J, = 000876 (6) 

The author next quotes Mi Weisbach as having given foi calculating 
the velocity in n pipe undei a bead h tho following whioli lesults from 
Eubatituting the value (1) of T into (2), viz , 

U = (whcie i - 1 = 487, if p = 82) (6) , 

an expiessioa in which M Woisbaoh suppiessts tho second of the three 
teims nndei the loot if the sensibly still watei of the uppei leseivoir 
enteiB into the pipe witliout contiaction 
And m this he suppicsses even the fiist teim 1 if the water enteis 
with the velocity U nlieady acqniied, oi even if the length of the pipe 
is great enough to make the last teiin the most impoitaut, whence 

U = /y the same as (2) on substituting f foi I or J, (7) 
</ "j X 

Aftei the above explanation, it is convenient — in ordei to give lead^ly 
an idea of Mi PopofPa woik — to study tho examples 1, 2, 3, 4, 5 which 
he gives at the end of his Memoii and the Appendix following 

In the second example, he luqmics whnt would bo tho t clooity of exit 
of the watei from a sewei oi laige hoiizont il pipe having a length L 
410 nicties, and a ciicular section of 2 IBIfa mctics diameter, if the 
watei be foiced m lioiizoiitnllj with a xclomtj U„ — ('1 feet) 

pel second 

Kono of the known foimulc admit— sajs he — of thi-' question being 
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Holvod, foi they aie not applicable to canals oi conduits without slope or 
without effective head He solves it by forming an equation 

i i ua = g </S.U2, (9) 

which 18 of fourth degree in after putting foi J, the expressions (4) 
assigned by 'Weisbaeli, and he finds by means of a table pieviously cal- 
culated 

U = U„ —J 1 + = 1 5GG feet, or 477 metie per second, (10) 

The Equation above found (9) amounts, on multiplying it by the mass 
^ullcZt of fluid discharged m the time-element dt, to espi essmg that 
the half vis viva of the fluid entering the pipe is equal to the half vis 
viva of that which leaves it together with the woik XLlKiU^Udt done 
against the lesistance of the bordei in the same time It would be exact 
if this resistance could be consideied as having, fiom one end of the pipe 
to the othoi, the intensity which it would have if the velocity, the fluid 
section, and the wetted bolder weie everywhere U, ui and X , admitting 
moreover that the passage from the velocity Uo, to the decidedly less 
velocity U be made so gradually as to cause no eddying action, and 
no loss of Dts viva of translation 

But if the decrease fiom TJo to U is suddenly made, we shall lemark 
that it would be necessaiy to somewhat mcieasa the second member of 
the equation on account of this loss, and the equation would give a de- 
cidedly smnllei value for U 

What would take place in this lespect, vii , the way in which the watei 
would behave duiing its passage fiom the value Uj to the value U of 
the velocity would certainly depend on the volume forced in, which does 
not appeal in the equation, and which evidently could not all enter the 
pipe if its volume exceeded a certain quantity 

In the thii cl example, the Author proposes to derive fi*om theoiy, taking 
as example the mam pipe of the loft bank of the Seine, the discharge of 
4'" 63, which he thinks may be taken fiom a Memoii* of oni lamented 
coadjutoi Ml Belgrnnd, by biipposing its total fall i"'64 distubnted 
uniformly throughout its length of 5,839 metres between the Bifivie and 
the Alma syphon, whereas Piony’s and Eytelwein’s formulee only furms)i 
a discharge below the half of this 

« Mumolr on tho mijn pipe of the BiSiTre and on the Alma syphon 
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To this endj and lo ordei also to bring thetheoiy into accord with four 
obseivations of discharge of pipes in London, which he quotes in his 
Appendix,* Mr Popoff modifies radically the foimula given by Navier, 
Belanger, &c , foi the velocity U assiimed m a pipe undei a head h 

In place of the last term 2jJ, under the ladical m the denommatoi 
he substitutes 


( 12 ) 


BO that whenever — as he has explained — the two first terms may bo 

suppressed, theie would be obtained the expression U = /i / — ~ 

(/ 2*1 xL 

which he uses in his examples instead of Eq (7), U = /i 


We shall not explain heie the reasons given for this change, which 
makes the formulm non-homogeneous, and in which we are unable to 
agree But we decidedly appiove the necessity which the Authoi shows 
of some modification 

We might seek to efifeot it by giving smaller values to the coefficient 
of resistance 5, , for if in place of that of about 00038 assigned to it 
by Prony, Bytelwein, and Weisbach, we had taken foi the Pans sewer 
5, = 00016, which results fiom the moio iccent experimental reseaiohes 
of M Bazin on channels with sides of polished cement, and if foi three 
of the foul London diain pipes of slonmaie we had made use of Daioy’s 
experiments on new cast-iion giving J, = 0003, we should have obtained 
results rising to three-fouiths and two-thirds of those given, as said, by 
experiment 

There is also much uncertainty m the slopes and sections, for not to 
mention that they aie not constant in the Pans mam, Mr Belgrand has 


• The examples qooted by Mr PopofC are tho following extracted, except the flxet, from a 
Report to the Ratird of Health In 1860 by Mr Medwotth 
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well remtirked that when sewers discharge into the an and not into water, 
the slope of the fluid smface within may gieatly exceed that of then floor, 
and til 6 motion is theiehy accelerated 

In the first example, the Anthoi, estimating the quantity of water for 
domestic use passing fiom each house at two milhontlis of a ciihic metis 
per inhabitant per second, and adding the lain watei, calculates the slope 
to be given to a pipe which shall lead them to the sewer in such a way 
that they may have as far as possible a velocity of at least 9 muties, 
which he desciibes as “ self cleansing ” Su Baldwin Latham had befoie 
remaiked that to avoid fieqiient and difficult cleansings, it is better to 
give a much higher slope to the upper branch pipes than to the mains 
In the fourth example, he makes a similar calculation foi the waters 
of a whole town snch as Odessa 

In the fifth, the Authoi supposes that a mam discharging a mass of 
watei m is met obliquely by an affluent which cariies a mass in' He 
attempts to calculate the loss of head which results fiom this meeting 
"We consider it is not woith while exhibiting and discussing the method 
which he adopts for this, foi we think that the desnod lesiilts will bo 
obtained in a more ceitain way by forming the usual equations, whether of 
quantities of motion or of the woik expended in motion and m lesistanoe, 
and of VII es viva both impressed and acquit ed, in calculating by known 
theories the loss of each, especially where they change rapidly m magni- 
tude 

To sum up, Mr Popoffs Memoir of December 1876 shows very clearly, 
by citing a certain number of expeumental facts the piobable necessity of 
new forraulre for the calculation of the velocity in sewei mams, either 
by changing the known numerical coefficients, or by considering the 
motion of the water in these subterianean channels as being in geneial 
variable or non-umform, dc 

Ho proposes several problems, tho best solntions of winch it is desirable 
that hydranlioians should seek These aie, recapitulating them heio 
1° That of the velocity assumed m a long dihtiibntary supposed 
h 01 iron tnl by watei iinifoimlyfoiced in with a highoi velocity, distinguish- 
ing — if the case arise — the cases in which the deciease of velocity occuis 
quietlv or gradually, fiom those m which it can take ellect only suddenly 
or with distuibance, a matter which may depend on its volume , a pro- 
blem which may serve as a preJimmary to othei more practical ones, and 
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in which the small necessary afflux of the axis of the injected stream 
should be taken into consideiution 

2“ That of the taking account moie generally of an initial velocity 
or velocity of entry in pipes oi mams having any slope whatever 

3“ That of the motion of water in a mam icceiving many affluents, 
continuous oi tempoiiiy, with vaiioiis slopes 

4° That of the motion which occurs when a mam or a pipe discharges 
wholly 01 m pait in the an and not into water, which causes therein a 
depiession making the motion laiiable 

Although Ml Popoff has not given m a ccitaiii way the solution of 
these delicate cpiestions, ho has made himself assmedly most useful to 
Science and Ait, by making and exhibiting novel considoi ations with 
quotations of facts which may load to their lesoliition with gioator cer- 
tainty We therefore lecommend thanking him for his gi oat woik, and 
induoing him to collect and publish as many results of observation, as 
he can, aooompanymg them with the detail of the ououmstalices oomieot- 
ed, m order to fiiinisli the elements of elucidation of the matteis to which 
he has devoted hts labour with so much peiseveianco and aeal 

A 0 
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JAMNA RIVER SUSPENSION BRIDGE, CHAKRATA 
ROAD 

[Fit?«pkto3i-ni] 


The papeis regauhng the design, e^ecntion and testing of tlio abore 
noted bridge have been sent for the Papeis by the Inspeotoi Qeneial, 
Mihtaiy Works, at the kind suggestion of Sii Andrew Claike They 
aie somewhat volurainous, but the following selections fiom, the ease 
will it IS hoped prove interesting No attempt to show detail has been 
made, only to give a general idea of the work 

The estimate foi the budge was made out by Major Biowno, R B , 
and submitted foi sanction by Colonel A Taylor, C B , R E , in Deoem- 
bei 1873, with the following Note 


Note hy Colonel A Tatlor, C B ,R E , Chef Engtneei, Mxlitauj Works, 
on the design for a suspension hi idge ovei the Jamna Emi neai Kahie 
on the Sahai anpur and Chah ata Road 

The cart-ioad fiom Saharanpur to Chakrata crosses the Jamna in the 
61st mile 

Area of catchment basin — At this point the aiea of the catchment 
basin IS 895 square miles (Suiveyor General’s letter No 948 of 10th 
June 1872) 

The bed of the iivei is composed of bonldeis, some of which are of 
yery Isige size, measuring upwaids of 100 cubic feet, and 1ms a longi- 
tudinal slope at the rate of 35 9 feet pei mile 

Surface velocity in floods' — The greatest actually measured surface 
velocity, of which we have information, is 15 feet per Second, but it may 
be accepted that it occasionally is moia than this 

Rise in floods — The flood level shown is about 1^ feet above the 
hjghest of which we have reliable knowledge, but the discharge when 
139 



JAMNA lllVUa SDBI’KNSIOV B1UD8E 


the rivei is at this level is so gieatly out of piopoition to the area 
diained, that we must be piepaied occasionally, though peihaps at long 
inteivals, to encoimtoi floods of much greatei magnitude The design 
meets this necessity, and the abutments are so aiianged as to admit of 
then being tuiimd by the iivei without the stability of the budge being 
theieby eiiJaugeicd 

Site — The site has been well selected by Mnjoi J Biowno, E E The 
stream heie occupies the ceiitie of the bed, which uses fiom the water on 
each side with a faiily uiufoim slope iiutil it leaches the defined bank 
Ej^isting suspension h iclge m the tieighhouihood — Above the site a light 
suspension budge foi foot passeiigeis ind cattle was oonstiuotad some 
years ago, having a cential span of 200 feet (fiotu oentie to oentie of the 
pieis) with a half span on each side The distance fiom face to face of 
abutment being thus 400 feet The southern of the two pieis was undei- 
miiied by the stieain during the floods of 1873, and destioyed, and some 
little difiiculty is expeueiiced m keeping the uvei confined to the space 
between the two nbutnients 
Eeferiing now to tho design 

Suspension foim tohj selected — Foundations for a permanent budge 
must m such a violent stieam be costly and difficult of oonstiuotion 
Hence large spans are desiiable, and the suspension foim has been adopt- 
ed as meeting this in the most economical way 

Length of bndgt, hendwag, width of loadway — The total length of 
wateiuay pioiided is 500 feet This bridges tho whole stieam, and is, 
I think, piecisel} suitable The headway aboi e the highest known flood- 
level 13 to the bottom ot the stiffening girdei, and is not a straight line, 
but uses m the centie of the span to 10 0 foot, and may be accepted as 
adequate The width of lOadway is 14 feet inside tho railings This is 
sufficient foi a single line of caits, and fully meets the lequiiements of 
the tiaffic which this budge will have to cniiy 

Load the hidge is capable of eanying — The iion-woik has been gnen 
dimeii«ioiis to lit it to snppoit a dense ciowd of men oi a continuous 
stiiiig ot laden hackeiios 

Depth of foundationb — We have no knowledge of tho depth to which 
the bed may be scorned oi moved duiiiig heavy floods On this point 
wo cannot e\pict any evideiiec until the axe iv Uioii ot tlie pits lot tho 
foundations has made good piogiess Tho design and estimate laovulo 
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for foundations placed at 30 feet below low-watei level, or 25 feet below 
the lowest pait of the bed This la a veiy full illowance, and probably 
in excess of what will be found to bo leqniied 

Plan of the classing mislaid — The plan of the ciossiiig has been mis- 
laid, but this IS not of much importance, as there is no peculiarity in the 
appioaohes, which moieover foim pait of the estimate for the load, and 
not of that for the bridge 

Pioject veiy caufully pepaied —The project has been most carefully 
prepared by Majoi J Biowne, B E 
Estimated coat — The estimated cost of the work is Bs 3,05,453. 
The length of the road is 610 feet fiom out to out The cost pec foot 
13 therefoie — = Bs 500 74 If rated on the waterway only, the 
cost per foot run would be = Bs 598 92 

(Sd ) A T 


Fiee Extracts from Eeport and Estimate by Majoi Browne 
The bridge has one centre span of 250 feet cleai, and two side bays of 
130 each The versed sine of the cuive of the chain is 26 feet 

The greatest depth of water at highest flood is 12 feet, and the head- 
way IS 8 feet above H W M at pieis, and 10 feet in centre of liver 
The piers and abutments are founded on solid masses of concrete 
10 feet thick, laid in eioavations 2o feet below lowest point of bed Ihe 
concrete was laid in a sort of cofifeidara of biicLwork, which allovred of 
its being thoroughly well rammed about the edges 

The mass of masonry in the abutments is somewhat less than usual, 
an attempt having been made to economize masonry by the peculiar dis- 
position of the anohoiage chains 

The hue main and solid objection to the use of snspension budges even 
foi cait tiaflSo, being their need of constant lepau fiom theweai and tear 
of the component paits due to the undulations set up by rolling loads, 
but moie especially by the action of the wind, groat attention has been 
paid to leduomg these undulations to a miiumnin 
The action of the wind is resisted and nentiahzod — 

(1) By the chains themselves 
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(2) By the peculiar airangement of the suspension rods 

(3) By the biacing in the floor and the great depth and stiffness 

of the cross and longitudinal girders 
The main chains being on a tilt of 1 m 7 and very much further apart 
at the piers (wheie they are kept apait by wrought-iion standards) than 
at the centre and abutments, add greatly to the stability of the bridge 
against the action of the wind The theory of the advantage of such an 
ariangement of the chains is, that a veitically hanging chain, however 
heavy, can only resist the action of the wind to sway it, by means of the 
friction developed in the top pins on which it swings , whereas a chain 
alieady tilted up, resists all tendency to swing, not only with faction, hut 
With the whole leveiage of its own weight, into an arm varying with the 
angle of tilt That this resistance or leverage is veiy considerable will 
be seen by a refeienco to the calculations, on which however no gieat 
stress has been laid, as the system has got the far gi eater advantage of 
having been practically tried in many large works, and found to yield 
excellent results The whole of the large modem Amenoan budges, 
at Cmcmati (HOO feet span), Niagaia (880 feet) and the East Kiver 
(1600 feet) have been built on this system, with the most satisfactory result 
as to immunity from the action of the wind and general stability The 
Albeit bridge over the Thames, lately completed and probably the best 
typo of suspension bridge now in Europe, is also built witli slanting chains, 
and 18 almost as stiff in a gale of wind as a stone bridge, the result being 
ascribed by its Engineer, Mr Ordish, to the disposition of the chains 
As the cost of the Jamna bridge is not to any seiious extent incieased 
by this phn, no hesitation has been felt in adopting it 

To prevent as far as possible any swaying in the chains being com- 
municated to the platfoim or vice versA, the suspension rods are double 
jointed and capable of free motion, either m the direction of the length 
of the bridge or perpendionlar to it This anangement is that adopted 
in the gieat Suspension Badge over the Moldau at Prague, and effec- 
tually prevents periodicity, or isochionous oscillations of the chain and 
platform, and tends in othei ways greatly to increase general stability 
The bracing in the floor foims a continuous girder over the whole 
length of the pieis and abutments, being atiengthened at those points 
with plate webs and double diagonals 

The continuity over the pieis and the fixing at tlie abutments are 
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obtained by a system of sliding collars and castings, which, while allowing 
free expansion and contraction of the girder in a longitadinal direction, 
prewents all lateral motion, and will, it la hoped, give very great stiffness 
to the platform, iirespective of its being of non throughout, and rivetted 
up, in one piece, from end to end of the bridge The sliding collars will 
fuither prevent any kind of lateral pressure upon the stiffening girder, 
having a tendency to bend the rockei bars, and thus endangoi them 
The great depth (20 inches and 15 inches) of the mam and longitudinal 
roadway girders, would in themselves go far to secure, what is admitted 
to be most essential, a deep and stiff floor , the stability being further in- 
creased by the solid manner m which the floor baulks and planking are 
connected to the girders 

The action of rolling loads is counteracted by deep and stiff girders, 
which aio continuous from end to end of the bridge, and which further, 
with the wheelguard, seive the pui poses of parapets 

As the fiist essential in a stiffening girder is that it should be incap- 
able of veitioal motion at the ends, this end is attained by the use of large 
cast-iron lockeis, on the piers and abutments, which pievent all upward 
movement, whilst giving peifeot freedom to the girders for horizontal 
contraction and expansion The rockers are fixed down to the masonry 
by wroiight-iron bars, which are fixed when heated, and then allowed 
to cool and contiaot, thus bringing an initial stiain on the bar, and 
preventing all upwaid motion of the girder and platform, which are 
however free to move hoiizontally on what aie really eight large wheels 
SIX feet m diameter All risk of stiain to the girder, from nse or fall 
of temperature, is thereby avoided, and permits of sliding joints being 
dispensed with, which have hitheito been found neoessaiy in such stiffen- 
ing gliders to suspension bridges, but which, to a great extent, do away 
with the advantages of a stiffening girder, besides being tioublesome m 
construction and needing constant repaii 

As however sudden changes of temper atm e must always produce un- 
eqiiial strains m an non structure of such length, a certain amount pf 
flexibility has been given to the girder by p lining instead of rigidly ri- 
vetting its diagonals, thus allowing of a ceitam amount of angular motion 
in each panel This plan has been adopted with excellent effect in the 
great Suspension Bridge at Cmojnati (1100 feet span) The position 
of the diagtiijals of the girder is to a ceitaiil extent incorrect in theory, ns 
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not intersecting in the neutial axis of the boom , but the additional stress 
resulting fiom this has been provided for by stiengtheniiig plates near 
the pins, and had to be adopted from practical considerations 

The constinction of the main chains is m no way unusual beyond the 
tilt given to them, and then airangement in a quadrantal shape in the 
abutment tunnel The first has been already remailced on, and the se- 
cond, although perhaps rather niiusunl in Euiope, is that universally 
adopted throughout Ameiica It has, besides saving m the length of 
back chain, the advantage of lessening very considerably the strain on 
the iron m those very parts of the chain which aio most hkely to be 
oveiloolced and neglected, vis : , the ends of the tunnels , as it is estimated 
that the friction on the knuckles, &o , takes off fully one-third of the 
strain from the lower chain link The section of non lias not been di- 
minished on this account, fuctiou not having been taken into considera- 
tion in the calculations , but it is iieveitheless an important advantage 
The building in of the last link m the mam chain and enveloping it 
m Portland cement, is somewhat unusual in Europe, but is the general 
American practice, where the whole of the back chains, and not merely 
the last link, are systematically built m as in the Niagara, East Biver, 
and Cinoinati bridges It has been urged, from the fact of non cramps 
in masonry beiug found to decay quickly, that such a mode of coating 
the chain, or building it in, might prove detrimental, the fact really 
being that the decay of built in iron cramps, is due to the galvanic action 
set up between the non and the load with which the cramps aie fixed , 
whereas such galvanic action and conosion is especially guarded against 
in the holds of all ironclad ships and steameis by coating with thick 
layers of Portland cement, which adheres ffrmly to the iron In such a 
damp and inaccessible position, below water level, as the last link on 
the anchorage necessauly occupies, it is thought better to tiust for the 
protection of the iron, once for all, to a solid euvolope of good Portland 
cement quite impermeable to water, and carefully lammed and filled m 
round the chain, during construction, than to a coat of possibly indiffer- 
ent paint, applied at long mteivals of time, without in all probability the 
non having been piopeily scraped and cleaned for its leception 

None of the paits of the iionwork aie so heavy oi large as to produce 
any difficulty m transport , the heaviest casting being tons m weight, 
these being the anchoi plates, of which there are only four , none of the 
111 



JAMNA hia: 


■jnsrnNsioN bridqf 


other castings weighing one-half as much The heaviest single part of 
wrought-iron will be a mam roadway giidei weighing 464 ibs It will 
of course be left to the discretion of the manufacturer at home to do ns 
much of the rivetting and permanent putting togcthei as can possibly 
be done without involving extia fieight, or iisk of injury to the ironwork 
The site of the budge being very favourable foi the construction of scaf- 
foldings, and thenatuial siuface not being at more than an aveiage depth 
of 18 or 20 feet below the lower edge of the stiffening giidei, the fit- 
ting and erection of the glider will not be a mattei of my difficulty or 
great expense As to the chains, by commencing at the tops of the 
piers, with one single and two half links on either side, md dragging 
them acioss, on little trollies fitting between the channel iions on the 
top boom of the gnder, the weights will be so subdivided as to be quite 
within the contiol of mere manual laboui , and much moie so with a 4 or 
5 ton winch and tackle Such details will howevoi be best suggested 
by the Engmeei on the spot, and are only mentioned to show that there 
seem, aftei much consideration, no seiious difficulties in the way of erec- 
tion It may howevei not be out of place to mention that the chains 
when put up must be as slioit as the adjusting links can make them , as 
it IS intended that all adjustments shall bo made by lengthening and not 
shortening the chains , the former be ng much the easier process, and the 
wed|;es and links having been so arianged that there can iievei be any 
need to make the chain shm ter than it will be when all the wedges are 
inserted Another neoessaiy caution will be that the position of the 
saddles, rollers, bed plates and sliding oollais, must be adjusted with pro- 
per reference to the difference of temperature at the time of fixing, and 
that assumed as the normal tempeiature 80“ Fah 

As to estimated cost of bridge, the rates are those obtained from the 
local officer s, and m some cases, as in that of the concrete, consideiably 
raised The only reduction is in the puce of castings, which are placed 
at £5 a ton less than wr6nght-iron The latest quotation fiom the 
It on Trade Bevtew gives the prices as below — 

£ £ 

Wionght-Iroh Gliders 20 to 21 a ton, 

Girder casting, . 10 „ 11 a ton, 

or an average difference of £10 a ton in cost price, so that £6 a ton 
is quite a fair and allowable difference in rate 
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Tha coat of the bridge per running foot of watervray (say Es 450) 
cannot be considered high The exceedingly costly nature of the founda- 
tions, and the great depth to be reached, the fact that the mam roadway 
IS entiiely of iron, the veiy heavy rolling load to he provided for, and the 
great rigidity aimed at, which, if attained to, will be quite equal to that 
of any ordinary railway bridge of the same span, have all tended to swell 
the cost Much might have been saved by lowering the standard m one 
or in all of the above requirements, but the result would not, in the 
long run, be so satisfactory, either as to cost or construction, as it is 
hoped the proposed budge may prove beieafter to be 


Note on the Adjustment of the Uockere and Rocker Bai s 
In the calculations for the budge it is shown that the rocker should 
ongiually bo placed at an angle of about 11°, and as the bar gets 
heated it would expand sufSciently to allow the rocker to stand vertically 
on being gently driven with a mallet, after which on the cooling of 
the bar, there would be an initial strain of about 2 tons per square inch 
on the metal This will however be better understood from Fig 1, 
Plate II , in which A shows the original, and B the ultimate position 
of tha rookei, which is duven in the diieetion of the arrow, ns the 
bar is heated, expands 62 of an mob , which increase of length is letainod 
as the bar cools, causing the requisite initial stiain of 10 tons, holSing 
down the girdei To allow for the compression of the masonry, the angle 
of tilt can probably be made 13° or 14° instead of 11°, which would be 
the proper angle, were the masonry quite incompressible 

The Tertioal slit in the masonry, left lound the rocker bar, shall ba 
15 inches long by 4 inches wide , an open gutter hole 6" x 6* being 
built m the masonry fiom below the lowei lockor casting, to carry off 
the watei, and to allow of fiesli boiling watei being pouied m if lequiied 
The end of this gutter hole, at the fice of the pier oi abutment, to be 
closed by a piece of stone into which a jumper hole 2 inches in diameter 
IS made, into which a plug can be inseited to regulate the flow of the 
water, and let it off as it cools, to allow moie hot to be pouied in The 
maide of the slit and gnttei to be well plastered to keep m the heat 

The arrangement will be sufficiently clear from Fig, 2, Ptoe II, show- 
ing a rocker and bar at a pier 
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The quantity of boiling water needed to fill the elit will not exceed 
75 gallons The arrangement at an abutment is simihi to that at a 
piei When the rocker has been piopeily fixed, the slit and gutter to be 
filled up with thick giouting oi mortal 

Abstract of Cost 


Quantity j 

Deaciiption 

Rfite 

Cost 

Eomorks 

Tons 


HS 

ns 

A 

F 


211 5 

Wi ought iron. 

660 

1,18,440' 

0 

■ 0 

Per ton. 

25 4 1 

Cast-iron, 

600 

12,700 

0 

0 


c ft 







2,702 

Deodar wood, 

8 

8,106 

0 

0 

Pere ft 

86 1S4 

Concrete, 

15 

12,923 

0 

0 

Pel 100 0 ft 

2,02,782 

Com Bed masonry, 

36 

70,974 

0 

0 

„ 

6,066 

1st class ashlai, . 

4 

24,264 

0 

0 

Per c ft. 

6,160 

2nd class ashlar. 

2 

12,300 

0 

o' 

„ 

17,718 

Brick masoniy, 

35 

6,201 

0 

0 

Per 100 0 ft 


Pumping and excavation, . 


26 000 

0 

0 

Lump sum 


Total of above, 


2,90,908 

0 

0 



Contingencies, 

s 

14,64o 

0 

0 



Grand Total cost, Rs , 


3,06,463 

0 

Oj 

J 



It will be observed that no detailed dimensions are given in the plans 
None are given in the original plans, they are all contained in the volume 
of calculations, and there is not time to extract them in detail The 
“ book of measurements” was probably sent home to the oouti actors who 
supplied the iron The data for calculation wore as follows — The ulti- 
mate tenacity of the suspension chains was taken at 30 tons with faotois 
of safety of 6 for live, and 3 for dead, load In the rest of the budge the 
ultimate tenacity of the iron was taken at 25 tons, and the safe stress in 
tension and compiession at 5 and 4 tons 

The lolling load was taken as that of a crowd weighing 120 lbs per 
fiquaie foot In concentrated loads it was assumed that the gieatest possi- 
ble weight on one axle was 3 tons, which is about equivalent to the weight 
of a loaded elephant The force of the wind was taken at 40 Hbs pei foot 
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Extiaat from Repot t of Superintending Engineer, Colonel Pei kins, R E , 
on completion of JBt idge 

The e’tcavation for the budge was commenced m December 1876, the 
masonry m Apiil 1876, the uonwovk m January 1878, and the bridge 
was opened for tiafiic m June 1878 The work has been earned thiough 
without accident and only one hitch This was due to an altei ation in 
the sanctioned design wluoh was made by the non manufactuiers in Eng- 
land, and is as follows — 

In consetiuenoe of the chains of this bridge being curved outwards in 
plan from the lower to the iippei points of the cateiianes, the suspension 
rods are not vortical, as they would have been had the chains been straight 
in plan Consequently the suspension brackets were so designed by 
Major Biowne that whilst the pm hole at head might receive the usual 
connecting pm of the links of the chain, the pm hole at bottom was by a 
twist in the shank of the bracket to assume a contiary position so as to 
looeive a pm lying parallel to the line of bridge, see Figs 1 and 2, 
Platt III Prom misapprecialion of the design possibly, the bi aokets were 
sent out as if for chains without this curve m plan, ! s , as shown by 
sketches, Figs 3 and 4, Plate III , and consequently some little appiehen- 
sion was occasioned on account of the suspension bai E, Fig 3, having to 
be bent at B to allow of it assuming the position shown, and this more 
especially in the lower and shoitei bais, where the angulai deflection is 
greater The result of the tiial however shows that there need bo no 
further apprehension on this point, although the effect is somewhat 
unsightly 

The Executive Engineer, Major II Blair, B E , leports as follows •— 
I have the honom to submit Mi Biikbeck’s plans and lepoit on the 
testing of the Jamiia budge, which according to orders leoeived, had to 
ho tested to 120 lbs per sqiiaie foot, oi J20 tons 

Wo commenced ou the 12th June, by putting half the load evenly 
over the whole bridge, beginning at the piers, working both ways, and as 
I had only doubts about the suspension bais, I thought I would weight 
the Bide spans fully fiist, which would test them to their full extent, at 
the same time show how the bridge acts iindei an uneven load* 

By noon the side spans were fully weighted, and about GO lbs per 
square foot on the centre span, and the work closed until 6pm Prom 
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the weight, e-^tremo heat and uneven load, the giider looked bo strained 
at points and began contracting in jeiks, that I nearly stopped the test at 
8pm After a long consultation we resumed woik, and put the full load 
on, noted deflection, and after two hours lemoved the weight 

Neikt morning we took levels and examined the bridge, and I have great 
pleasure in lepoiting that nothing has failed This bridge has been suo- 
cessfully completed without any loss of life, and tested by the same 
ofifloers fiom first to last (a veiy remarkable event m the Public Works 
Department) A little cornice work lemains, and although the bndgo 
has been raised 5 feet m height, I hope to complete it well within the 
sanction, without submittmg a levised estimate 
Ml Bvkhech's Report 

Orders were given by the Chief Engmooi, Mihtaiy Woilcs, to test the 
budge with a dead load of 120 lbs on each superficial foot of loadway, 
the budge was acooidmgly tested on the 12th instant 

To effect this the bridge was loaded with a weight of 298 6 tons dis- 
tiibuted as follows — 149 3 tons on the contio span, 74 66 tons on each 
of the side spans, this together with the weight of the woikpeople em- 
ployed loading amounts very nearly to the weight lequired 
The material used for loading was giavol from the bed of the river, 
spread 11 inches deep over the width of the roadway, and confined at the 
sides mth an edging of bricks 

The load was put on each end of the bridge, the beldais spreading the 
giavel fiom each pier outwards to the centre of the bridge, and inwaids 
to the abutments 

To measnie the amount of deflection under the load, fourteen self- 
recording gauges were set up, seven under each boom of the stiffening 
glider Before loading also levels were taken at intervals of every 20 
feet, and when the load was taken off, the levels wore again taken to 
measure the amount of permanent set, these levels and measuiements are 
all shown m the deflection diagrams submitted 

To msure as much as possible couect measuiements, the levels weie 
taken at the same time of day when the Icmpciatuie is the same, this is 
a very necessary precaution, as the bridge chains and girdcis sometimes 
rise and fall 24 of a foot or thiee inches within 12 houis with (he ex- 
pansion alone The levels wore theiefote taken on the monung oi the 
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IStli before the load was on, and again on the morning of the 13th when 
the load had been taken ofi 

The chains were also levelled before and aftei loading, but as no per- 
manent deflection was shown, no diagrams have been submitted 

The movement of the saddles on the top of the piers was also observ- 
ed, the abutment saddles weie noticed, but there was no movement observ- 
ed in them 

The following movements were observed in the bridge at the time of 
loading — On the loading of the side spans, which was finished before the 
centre span, the girdei in the side span deflected 4| inches under uneven 
loading, when the complete load was on the centre span the side gliders 
rose again one mch, t e , showed a deflection of S| inches only, at the same 
time the piei saddles advanced |-moh each towaids the abutments, but 
resumed their oiigmal positions when the full load was on the centre 
span Another movement observed was that the diagonal braces of the 
stiffening girder were affected by the weight, those m compression huok- 
ling, and those in tension getting very tight and strained, the suspension 
rods also woie evidently very taut under the load, hut when it was taken 
off they resumed their normal condition and could be shaken by hand 

After the testing, two of the Commissariat elephants have crossed the 
bridge at the same time, not tho slightest movement or deflection was 
observed whilst they were crossmg 

The geneial result of the test may be summed up as follows — Isf, that 
under the load imposed the centre span showed a maximum deflection at 
the centre of Zj-inch, and that the spans under the same conditions 
showed a deflection of 3| inches , 2nrf, that the bridge has nearly lesumed 
its original form, after unloading the maximum permanent set in one 
girder being 013 and m the other 016, Zrd, the bndge chains, pier 
and abutment saddles are the same, there being no alteration in their 
poBitious 
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RDADIUQ OS' GAOailB I 




Point on 
Cti agrazQ 

Botoie 
loading 1 

Witt 
load on 

After ro 1 
moval of 
load 

load 

Permanent 

Romaika 



Side span, north aide 


! 

A 1 

0 00 

0 3i 

0 07 

034 

0 07 

At 40 foot f lom north abut 

“If 

•s s 

Is 

s g 

0 00 

c 

1 0S6 

ienho spai 

0 03 

1, np atrea 

OSS 

im girdoi 

0 03 

At 90 feet from north abut 
ment, due to uneven load, 
side spoua being weighted 
fliat 

c II 

000 

1 1 

0 08 

1 014 1 

008 

At 50 foot from north pier, 

D 

0 00 

021 

012 

024 

012 

At centre of budge 

1 

000 

1 020 

002 

1 020 1 

0 02 

At SO foot from south pier 


Side span south aide, up stream giidcr 


S' 1 

0 00 

0 32 

003 

032 

0 03 

AtOOfeotfrom south abut 
ment 

G 1 

0 00 

027 

0 06 

0 27 

006 

At 10 feetfiom south abut- 
ment 


Downstream Ganges 



Side span, north side 


A' 

1 000 1 032 1 

008 1 033 1 003 

A 1 40 f eet f rom noi th abut- 

B' 

OOOl 034 1 009 1 034 1 009 

Centre span, down stream girder i 

At 90 feet from north abut 

O' 

0 00 0 20 

0 09 0 20 0 09 

At 60 feet from north pier 

D' 

000 024 

016 024 016 

At centio of bridge 

B' 

0-00 1 017 1 004 1 017 1 004 

Side span south side, down stream girder 

At 60 feet from south pier 

B- 

000 0 87 

007 0 37 0 07 

At 90 foot from south abut 
ment 

Q' 

000 0 27 

008 027 003 

At 40 feet from south abut- 
ment 


A', 5.— The iadioatorfl of the gangqa woio aet at mo before loading 
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REPORT ON EXPERIMENTS MADE AT LUCKNOW 
ON STRENGTH OF SAL AND TEAK TIMBER, 
IN 1877 AND 1878 


By Capt J Dondas, VC, RE, Assistant to hspectoi Geneial, 
Militaiy Woihs 


Expuhimbnts made m the Paiijab having shown that the recorded oou- 
stant ooelhoients ordinarily need in calculations of the tiansverse stieiigbh 
and stiffness of doodai tinihei were too largo* to give coireot results m 
the case of seasoned beams of some size, the question was laised whether 
the constants commonly used for sal and teak timber might not be found 
on trial to be equally nntiue 

Infatinctions weie acooidingly given for a seiies of experiments to he 
made at Lucknow, under the conditions stated below 

(a) On 12 pieces of seasoned sal wood , each piece 12 feet long and 
6" X 4" scantling 

(5) On 12 pieces of seasoned teak wood , of the same dimensions 

(c) On 12 pieces of seasoned sal wood, each piece 80 inches long 

and 1 inch squaie 

(d) On 12 pieces of seasoned teak , of the same dimensions 

The distance between the supports to be 10 feet in the case of the 
larger scantlings, and 2 feet in the case of the emaller ones 

The load to be applied at the centre About of the calculated 
breaking weight to be first applied and to be left on for 7 days The 
deflection at the centre to be then carefully moasuied in inches and 
decimals 

• TlieoxpotimonbiBliowca— 

= 1,800, InstHBl o{ tha nenal 3,i;00 
P'*=:300, „ , , 600 
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The load to be afterwaids doubled, and at the end of 7 days more the 
deflection to be again measuied 

The load at the centre to be next mcieased to of the bieafcing 
weight, and aftei 7 days the deflection to be again measnied 

After this, the load to be gradually increased till fiacture takes place 
The breaking weight to be noted, and the maximum deflection obtained 
if possible 

These ordeis have been faithfully cairied out The timbei used in the 
experiments, especially the teak wood, was of abore the average quality 
that would be used m work in India, but it was not especially selected for 
the expeiiments, as there happened to be a laige quantity of good timber 
m stock The sal beams were cutfiom large sound logs, which, fiom their 
appearance, must have been well seasoned The teak beams weie sawn 
fiom Moulmein logs of a veiy laige size, varying from 50 to 100 cubic feet 
each, of a voiy superior quality, and faiily seasoned After sawing, the 
beams were planed down to their true dimensions, and they weie all onie- 
fully examined to see that they were free fiom shakes oi laige knots In 
the smaller specimens there were no knots at all 
The sal wood was found to weigh 59 lbs pei cubic foot, and the 
teak wood 34 lbs pei cubic foot In lespeot to this last figure, which is 
rauoh smaller than the weight assigned to teak wood m the various text- 
books in common use, the Executive Engineer obseives that teak wood 
leceived m large logs contains a great deal of moisture, presumably on 
account of the logs having been for a long time lying in water Its 
weight, as received in tbe log at Lucknow, remains for a long time at 
very neaily 60 lbs pel cubic foot, but as soon as it is sawn up into 
planks or scantlings, it begins to diy, and the weight in a very short 
time comes down to about 34 or 36 lbs per cubio foot, at which it ap- 
pears to remain 

The following particulars as to the method of conducting the expeii- 
ments will be of Intel est — 

“ The auppoits for the large beams coumstod of brick walls built m Poi Hand co 
merit, with good fonndations of lime concrete The beams wore placed on heavy flat 
bars of iron, reating on the tope of the walla, which wore accurately levelled, and the 
distance between beanngs ganged There was no possibility of any shifting of the 
bearings ” 

The weights used weie pieces of iron, and they rested on two pairs of 
railnay wagon wheels and axles, which waie suspended by wire rope 
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fiom a shackle of 4^" X bar-iron resting on the middle of the beam, 
and having a bearing on it 4i inches wide 
“When the beam was m position, ready for weighting, a line, wetted with red 
colouung matter, was stietched tight between the two points wheio the lower snifaco 
of the beam on one aide of it intersected the inner side of its bearings on the same 
Bide The line was then atietched at the centre and allowed to spring back sharply, 
the result being a horizontal red lino on the ahackle ” 

In order to measure the deflection resulting from the seveial loads 
applied, the process with the Ime was lepeated, the distance between 
the red lines on the shackle was measuied with a divided scale 

The oxpeiiraents on the small beams woie similarly conducted The 
supports used were “ the axles of lailwoy wagon wheels, which were care- 
fully levelled, and the distance between hearings measured ” The shackle 
used was only 1^" x i", and had a bearing inches broad 

So far as the experiments on the laiger beams aie concerned, the pos- 
sible sources of eiior m observation seem to be the following — 

I The beams weie not supported at the middle up to the time when 
the first led maik was made upon the ehackle, and no account was taken 
of the deflection (if theie was any) due to the weight of the beam itself 
On this point the Executive Engineer snye — 

“ The weight of the beam was so small, compared with their strength, that they 
would waip before they deflected with their own weight , the beams wore however, 
as nearly as practicable, horizontal when the fiist led lino was maikcd, as was seen 
by the cord as a lule marking the arris of the beam ” 

II “ Owing to the thickness of the rod Irnes, the deflections should only be 
consideied accurate within from to 3’/ ” 

In the case of the smaller specimens, besides the two sources of pos- 
sible error above noted, there was a riak of settlement of the bearings 
The Executive Engineer observes — 

“ If there was any settlement m tins latter case, it must have been insignificant, 
as the wheels were well chocked up, and the ground on which they tested hard The 
Weights, too, were trifling ” 

On the whole, it seems that though the observations may not have been 
free from small errors, the genenal results drawn from them may be ac- 
cepted as trustwoithy Details of the observations will be found m the 
tables maiked I to 17 , which are annexed to this paper Table V shows 
the proportion borne by the fiist, second, and third loads lu each set of 
exponments to the breaking weight under which faihuo took place 
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Table YI shows the value of Pb lesultiug from the experiments on trans- 
verse strength of each class of timber , and Table TII gives similar 
infoimntion in respect to the coefficient for stiCfuess Ea Lastly, Table 
Vm shows the values of these coefficients which have hitheito been 
made use of in calculation, with the authorities fiom which they are taken 
From a consideration of these tables, it will bo seen that the values 
hitheito assigned to Pb and Ed foi sal and teak, though possibly correct 
for such small specimena ns those on which the oiiginal experiments were 
made, cannot be accepted aa tuily repiesentuig the stiength oi stiffness 
of larger soantlmgs The piesent experiments seem to justify the ndop* 
tion foi futuse use of the following coefficients — 

Sal link 

I'or transveue strength Pb .. • i BSO 470 

Par stianess Ed 2, BOO 2,200 

It may at fiist sight appeal as though the adoption of the fignies here 
proposed would lead to the use of much heavier and more expensive tim- 
bering in loofs than has hitherto been thought proper Bi't this will not 
be found to be the case if the loads which the beams will have to beai are 
carefully consideied Foi a peimnnent loadv- a factor of safety of 10 
foi transveiae stiength, and a maximum deflection of of an inch per 
foot of span are to be regmied, as has usually been done But for a 
maximum load, of which a gioat part is not constant but only of a tem- 
poral y kind, a factoi of safety of 6 and a maximum deflection of ^ of an 
inch poi foot of span may be allowed As an illustiation, it may be 
mentioned that in the typo diawmgs of half-company’s bariaoks for 
British Infantry now about to issue, the deflection allowed in the rafters 
IB about to ^ of an inch per foot of span under the permanent load, 
and uses to from to under the additional tempoiaiy load of a 
violent wind 
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Table V 

ShotLiit^ the proportion home hy the 1st, 2nd, and 3rd loads tn each set 
oj expei ime/its, to the bi eal mg weight unde? which Jailui e tool place 


Loads In what case 

I PnOPORTION OF BBSAKIN 

Q WBIGHT 


Ut Load 1 

end Load j 

Srd Load 

As ordered, 

06 

10 

IS 

Actual load in Experiment A, 

06 to 10 

12 to 20 

17 to *81 

.. .. B, 

06 to 12 

12 to 24 

16 to 84 

» 0, 

04 to 06 

07 to 12 

16 to 28 

» D. 

04 to 06 

07 to 12 

11 to IT 


Tablbi VI 


Showing the value of lesulting foni the h caking loads stated hy the 
ExeouHve Fngmeer, if half of the weight of the unsupported length of the 
learns themselves be added theieto 


UistlnsraiPblTiB latter ol 

Statement I 

Clan of Timbor 

Min Pj ! 

MaanP, 

Mai Pj 

A, 

Sal 

374 

661 

695 

B, 

Tcnk 

289 

467 

667 

0. 

Sal 

666 

804 

1,020 

D, 

Teak 

1 1 

608 

791 

951 
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Table VIII 

Shoiwng the values of the coefficients foi calculating the strength and 
stiffness of Sal and Teak hithei to used, with the authontm from 
which they are taken 





Anthotitj 

Bal 

Teat 

Sal 

Tea. 

Rooikee Treatise, 

Cimningham’s Applied Me 
chamcs (Lang’s tables), 

905 j 
1,°60 1 

Indian 

866 to 1,066 
Moulmein 
640 

) 4,209 
j 4,963 

3,978 

769 to 880 

683 to 814 

6,600 

6,662 

Third Circle’s Speciflcation, 

769 

688 

4,963 

4,498 

BnU's Tables, 

800 

720 

4,966 

4,4C9 

Molesworth’s Pocket book. 


70S 


6,000 

Horst’s Pocket-book, • 

840 

660 

5,000 

4,493 

Present Experiments, 

550 

470 

2,600 

2,200 
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EXPERIMENTS ON BRICK WATER TANKS 

[Tide Plato] 


By E W Stoney, Esq, BCE,M hut CB 


The expafiments about to be descubed were made by the Autboi, to 
show the influence oi cross wall bond on the strength of masoniy tanlis , 
and it is hoped that they may inteiest readeis of the Piofessional Papeis, 
and induce others to make fuithei e'^peiiments on the same subject 

Two tanks of the foim and dimensions shown m Fxgs 1 to 7, weie 
built with walls 4|- inches thick, with stock bucks of good quality, laid 
in moitai composed of equal volumes of lime, sand, and suikhi, uhen 
finished they weie plastcied inside, half an inch thick, with moitai of 
sninlai composition , this plaster is lepiesented m the plans and sections 
by black linos 

The front wall GH of tank No 1, Ftgs 6 and 7, was built fiat against 
the cross walls EK, PL, without being bonded into them, but had moi- 
tai put in the joints K and Lthionghout Poi convenience and economy 
the side of an existing building was used as the back wall, into winch 
the cross walls were bonded 

Tank No 2, Figs 1 to 6, was well bonded throughout, care being 
taken to join the cross walla AO, BD, as strongly as possible to the 
side walls AB, CD , which were made long, m older to induce failuie 
by mptuie about their centres 

Fa;pe? mmt No 1 

Tank No I was built on the 8th of July 1878, and tested on the 2Sid 
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of Angust following, by poniing water slowly into it, thiough a zmo 
pipe graduated outside with feet and inches, so that the depth of water 
in the tank could he read off on it, and having its uppei end formed 
into a funnel, by pouiing the water thiough this pipe waves and agita- 
tion were prevented 

When the water reached a depth of 2 feet 4 inches, the front wall GH 
suddenly turned over in one piece on its lower edge, without having 
shown any signs of pievious leakage or failure 
Experiment No 2 

The front wall GH of tank No 1, was rebuilt as before, touohmg 
the cross walls EK, FL , but care was taken that no mortar was used 
in the joints K and L, and the interior was plastered as before to retain 
water 

After this wall had been a month built, water was poured m as before 
described, and when it got to 1 foot 7 inches in depth, the front wall 
faded by overturning round its lower edge 

In this experiment the overtuining moment of the water was opposed, 
only by the moment of stability of the wall, plus the tenacity of the 
plaster joint at each side 

Experiment No S 

The bonded tank, Eiffs 1 to 5, was built on the 9th of July last, and 
tested on the 24th of August following, by pouring watei into it as m 
the previous experiments , when a depth of 3 feet was reached, the bot- 
tom joint of the front wall began to leak, and this increased up to the time 
of failure, which occnned when the water rose to 3 feet 6 inches 

Up to the instant previous to failure, the side walls showed no signs 
of bulging or distortion, and deflection indicators placed against them 
did not move 

Finally both long walls AB, CD, suddenly bulged out, towards their 
centres , the back wall AB burst from the cross walls AC, BD, as shown 
in Fiffs 3 and 4, turned over, and broke up in its fall, while the front 
wall CD returned to its original position intact 

The portions shaded in Ftps 3 and 4 remained standing, while the 
unshaded parts were carried away by and with the back wall AB 
The joints along which the work oiacked are marked by heavy lines 
Compaimg Expeiiments 2 and 8, it will be seen that the bonded 
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tftnk bore before failiue, more than twice the depth of water that burst the 
unbonded one, and an oveitninmg moment neaily eleven times as gieat , 
so that m designing such tanks, the influence of bond on their strength, 
might it would seem, be taken into account with safety and economy 

Ciroulai tanks of thin brickwoik, hooped with non, would probably 
prove efficient , and be considerably cheapei than the square or rectan- 
gular masonry ones generally employed at Railway Watering Stations 
Experiment No 1 

Overturning Moment of Water = C2 5BH ? ^=10 4 BH* 
B = 7 5 feet, H = 2' 4" = 2 33' 

Overtuimng Moment of Water = 10 4 X 7 5 X (2 83)’ = 78 x 
12 66 = 986 70 foot lbs 

Moment of Stability of Wall = weight of wall by half width 

„ „ „ = { 8 25' X 3' X ^ X 100 lbs [ X 

|j=?^ = 214 84 footlbs 

The weight per cubic foot of wall was found by trial to be 100 Sis 

Total overtuimng Moment of Water = 986 70 foot B)s 

Total Moment Stability of WaU = 214 84 „ „ 

Difference due to strength of mortal 1 gg 
joints K and L = 360 sq inches in area, J 

Experiment No 2 

Overturmng Momentof Water= 10 4BH’ B = 7 5,H=:1'7" = 1 58' 
„ „ „ =104 x 75 X (158)’= 78 X 8 95 

= 308 10 foot Sis 

Total overturning Moment of Water = 808 10 foot lbs 

Total Moment of Stability of Wall as before = 214 84 „ „ 

Difference due to tenacity of plaster joints ) 9326 

36 square inches in aieay j 

In this experiment tho depth of water whose overturning moment 
would just equal the Moment of Stability of tho wall, will be found to be 
1 ' 6" as follows — 

10 4 BH’ = 21484 

H = /v/m = 1' 5" ncaily 

If m this instance a factor of safety of 8 be assumed, the safe working 
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depth of water for this tank may he found to be 8 inches, rvliith is about 
what the ordinary inle would give 

Safe Working Moment = = 26 85 = 10 4 BH* 

. H = 34 = 8 inches 

Expeument No 3 

Total overturning Momentof Water =10 4 BH* B = 7 5', H = S 5" 
= 104 X 75 X (8 5)*= 78 X 42 875 = 3344 25 

Total Moment of Stability of Wall = 1 8 25 X 4 16' X X 100 lbs j. 
X ^ = = 298 foot fijs neaily 

Total ovei turning Moment of Water = 3344 25 foot lbs 
Total Moment of Stability of Wall = 298 00 „ „ 

Difference due to bond of side walls, 1 
aiea of joints 500 squaie inches, j 

If we assume for this tank a factor of safety of 8, we have as before 
38W_^ = 418 = safo oveitnrning moment 
418 =10 4 BH’, which gives H = 1' 9" 

It would seem theiefoie that a depth of 1 foot ') inches of water might 
safely be put in this tank 
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LOGARITHMIC LINES FOR TIMBER SCANTLINGS 
AND OTHER FORMULAE. 


An ingenious sheet of diagrams of Logarithmic Lines has been published 
by Pandit Tilok Ohand, Diaftsman in the ofiSce of Supeiintending En- 
gineer, 2nd Circle, Panjab, iThich will be found useful to any one who has 
fi equent occasion to determine the scantlings of beams, &o , on certain 
fixed data The work can be obtained of the author 

Pandit Tilok Chand gives no explanation of the oonstiuction of his 
diagrams beyond that they are on the piinciple of Loganthmio Lines, and 
ns the April Numbei of the Professional Papers is not full, it maybe useful 
to some to give a shoit explanation of the Logarithmic Line or Slide 
Rule Practice only can make perfect in its use, and the general opinion 
is that it IS not useful except in cases wheie a great many rough calcula- 
tions are wanted Those howevei who douse it fiequently and so acquire 
the habit, always appear fascmated by it 

A Logarithmic Line is merely a log table scaled out Take any length, 
and scale off fiom A, one end, with any convenient scale, 301, 477, 
602, 698, &o , the logs of 2, 8, 4, 5, &c , always of course counting from 
zero at A, and at these points write 2, 3, 4, Ac Then the length from 
zero to any one of these flguies represents the log of that figure graphi- 
cally Make another scale B exactly similar These aie the A and B 
scale of anycarpentei’s rule How if B scale be slid along A, so that B 
zero comes to any point, say C, on A scale, then at any point D, further 

A 0 D 

B 

on, the length AD is the length of the log of AC -f the log of BD, 
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or the log of AO x BD, and the figuie at D on the top scale will of 
course he the pioduot of that at C on A, and that at D on B Thus 
the multiplication is done Division is exactly similar as the reading at 
0 IS the quotient of AD — BD 

Seales it will be at once seen can ho made to represent anything, foi 
the same divided scale as A or B could have been numleied 2, 3, 4, &c , 
not at the logs of 2, 3, 4, as was done, but at logs of the squares, or 
cubes or w times these numbers, and thus adding the length on such 
scales will multiply by the square, cubes, &c Pandit Tilot Chand’s first 
example will illustrate this The formula foi stiffness of a deodar beam 
taking bieadth two-thiuls of depth, and using Punjab coefficient of safety 


gives d = He constmcts throe logaiithmio lines, one as A or B 

numbered plainly for W, one for l\%e , numbered 2, 8, &o , as the cubes 

, . „ o , n of those numbeis, and one foi 4th 

Scale for \7 Stale for ’ 

poweis He places the two first 

alongside, but pointing opposite 
ways with the zero of the f scale 


Scale for v' 


at 48 on the W scale Then the distance between any reading on W and 
any reading on f will be the log of the expression undei the radical sign 
I s , log W •— log 48 + log f, and this placed on scale of 4th powers 
reads d the depth required Thus one application of the compasses 
gives the value of the above formula 

Various other simple formulm have been scaled out in the same way, 
and the sheet forms a veiy handy office record, and the principle might 
be applied to any similar cases where frequent rough calculations have to 
be made with the same fonfinla 

The applications of the slide rule are of course various Thus with 
two plam scales the reading on A opposite c is log 6 + log c — log «, 


A 


ot a fourth proportional to a, 6 and c, and there are many simple operations 
that can be performed by it The impossibility of dividing and numbermg 
tlio scale m the limited space is of coiiiso the great drawback to accuracy 
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To meet this a spiral rule has been designed by Mr G Puller, M Inst OE, 
Professor of Engmeeiing, Queen’s University, Ireland The desoriptiva 
pamphlet, piioe sixpence, is published by Spon, and the instrument is made 
by Stanley, price 50 shillings The spiral line winds round a cylinder, 
and IS equal to a stiaight rule 83 feet long This allows of numbering to 
three figures, and gives lesults correct to one ten thousandth the part of 
the whole 

There is howevei another aid to calculation, winch will be found very 
practically useful m long estimates and any tabular woik This is a 
multiphcation table containing pioducts of any pair of numbers withm 
1000 each It is very plainly got up, quarto sme, and will soon repay its 
cost in any office where there is much calculation to be done In filling 
in the bd columns of an earthwoik estimate, e g , wheio J is a fixed 
quantity for miles perhaps, it saves great labour and ensures accuracy 
This and the College colouied sheet of sd‘ make a complete earthwork 
estimate table The title of the work is Dr A, L Crelle’s Eeohentafeln, 
Berlin, 1876, and Thacker Spink & Co , Calcutta, have supphed several 
latelj at Ks 12-4-0, including postage 
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INUNDATIONS IN THE JALANDHAR DOAB 

[^Vide Plato] 


By C G Faddt, Esq. 


Thb recent disasters to the Scinde, Panjab and Delhi Railway between 
Pliillor and Wazir Bholar having by that extent and magnitude drawn 
considerable attention to the subject, I append a few notes and renlaris 
ns to then origin and cause, as well as a few hints, which, if acted on, 
would, in my humble opinion, tend greatly to mitigate, if not altogether 
piovent, their repetition m future 

The Jalandhar Doab is in shape a large and irregular polygon, its 
boundaries being the Beas, the Siwahks, and the Sutlej 

The Sutlej leawes the hills at Babhor and runs almost south, past 
Kiiatbpur and Rupar, wheie it takes a westerly direction flowing between 
Ludhiana and Phillor, as fai as Aliwal, then it turns about north-west 
as far as Harriki, where it is joined by the Beas 

The Beas debouches from the Siwahks near the old cantonments of 
Hajipur, it runs thence in a direction almost south-westerly, skirting the 
Hoshiarpur, Kapuithala and Jalandhar districts 

The Siwaliks nse abruptly from the Sutlej opposite Rupar, and run 
almost north-west, terminating again at a place called Tagan Deo near 
Hajipur, about thiee miles fi om tlie Beas The Siwalika are very nearly 
90 (ninety) miles in length, are of pliocene formation, consisting of strata 
of sand, alluvial earth, clay, bonldeis, shiligle, and congloraeiate, and la 
this district there aie two langos, the outei and inner Siwahks, with their 
inner slopes teiminatmg in what is called the Sohan valley, part of the 
dramage of which falls mto the Sutlej, and the rest, which is comparative- 
ly speaking insigmfioant, into the Beas 
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These ranges weie once densely coveied with vegetation, jrango, Man- 
gjfoalmlua, Sisliain, 6/s9ii, nahiil, ^Icrtaiu jtMiJii tt, l^liiil ilii 
Aructn Modetta, Aonl , Fmhlua 0{jiLimdt<- , Clutl, Pirns Lointiudin , 
Mendai, Dodoma Biinntinnicma, Al , foimmg dinse unis^les and loiest, 
the lesoit of ligeis, lioiiauK, hems, and eltidinnts I nni sjunhing of a 
time not long jiant E oijit Isiiigh often liiinted in these jiingks, and till 
wUliMi the last tliucoi foni jeais, old men neie living nlio leLOlketed 
the In^t tlephaiit kdhd at Santokhgaih in tins distuct 

■When the conntiy was aniKXed aftei the Sutlej campaign, secniity to 
life and piopcily, fixed and light isscssmeiits, the usual eoiuonntants to 
Biitisli lult, ensued, a legulni settlement w is in ide, and in the coiiise of 
settlement the Gnjnis and othei villagiis beian e invested iiitli lights 
whuh nulhei tiny oi then fatheis evei dieninod ot, and iii the settlement 
of the Milages ni the oiitei Siwaliks, the village bomulanea weie wiLliout 
any onqmiy, oi due nivtstigution of light, inn sti nght up to the watot- 
shed on titliei side, and the villageis had full lights to shoot, oleai jungle, 
and fell timber, as lliey wished 

It was not long befoie the lesnlts of thie leckless system of jungle 
dealing became manifest, the chos oi mountain toiients enlaiged tliem- 
selves, extending both in length and bieadth ovei the face of the conntiy, 
spreading dcsolntion fai and wide , bodies of water, hundiods of yaids m 
Ineadtii, laden with silt detiitiis and deposit fiom the bills, woii'd spiead 
ovei semes and semes of acies of liiglily cultivated land, tinning them in 
a few liouis into wastes of sand 

The slope of the submontane conntiy is excessive, and in some places 
more than 50 (fifty) feet m a mile, tins tinct is Known m local phia- 
soology as the lhandi, it is moie oi less devoid of vegetation, and seldom 
yields more than one mop m the year 

The establishment of cantonments at Jalandhai, Makeria,* Hnjipui,** 
Budhipiiid,* Iloshiaipni,* Kartaipm,* gave use to an enoimons demand 
for fuel The railway works fiom Pbilloi to the Beas, and the feuhind 
Canal headworks at Unpar, consideiably inueased this demand, nhich 
had Its sonite of supply in three lulls, which have now been utteily 
i)eniid(.d of vegetation, and have at last begun to fail the Gujais as 
glazing giounds foi then cattle 
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All tlio cJios in this distiict have doubled and tiipled m extent sniee 
annexation of tlie Pioiince, and now cany then waters lai down into the 
Jalandlm distiict and Kapiiithala State 

In the Iloshiaipui distiict, in addition to the Beas and Sutlej, theia 
aiQ thiee siibsidiaiy diainage systems 

I The Eastern Beyn, which has its use iieai Ghuralianhar, about 25 
miles tiom the Sutlej, attei n veiy toitnous couise it eiitcis the Jalundhai 
disliut, and about midway between Phagwaiali and Jalaiidhni was ciossod 
by two budges, one caiiying the lailway, the othei the Giaud Tiunk 
Road 

The lailway viaduct was destioyed in August 1878, the Giand Tiunk 
Road viaduct shaiing a siinilai fate in Siptembei of the pievioiis yeai 
In this distiict the diainago of iieaily 300 sqiiaie miles of country 
finds its way into the Eastein Beyn 

II 'Ihe diainnge hue passing Jalandbai city and cantonments Foi 
some yeins past considcinble anxiety has been caused by the gient dam- 
age caused yeaily to the city and civil station by floods, which of couise 
have thou oiigin in the 8iw iliks 

Most of the elms have then own diainage lines W'ell defined, but in veiy 
heavy floods, when the wnteis use to a gieat height, it is impossible to 
asceitiun then wateisheds so to speak, and this is veiy maiked in the case 
of the inundations which occiii at Jalandbai 

The c/io which flows past Iloshiaipui, finds its way into the Eastein 
Beyn, but last yeai dining the floods of August 20th, 21st, owing to the 
gioat use of watei in the Biyii, the Hosbiarpnr cho was beaded up to an 
exceptional height, flowed ovei its. natiiial boundaue«, stiaight down into 
Jalandbai cantoiniients, and thence on to the city 
The action of tlie floods last yeai was mtcnsifiod in extent and duiation 
beyond anything evei previously witnessed 

Jalaiidlni is 23 miles south-west of Hoshiaipur, and about the same 
distance due south of Tinda, it is connected with both these places by 
road, one metalled and budged and the otliei paitially so 

A glance at the map will show that the diainage ciosses the Jalandhar 
and Tanda load in a soiith-westeily diiectioil, iiiteisecting it in luiiiier- 
ous places Notwithstanding this, some one liad the load laised some 
feet without making the least pioiision foi watei way, the lesult was that 
the floods came down and weie deflected nack on to Jalandharj playing 
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tinheard of havoc with the town and railway embanlmient, which latter m 
former years was scarcely evei damaged 

This flood was due to a lamfall of 26 inches m 86 horns, the heaviest 
yet Icnown m this Doab 

in, The Western Beyn has its rise at a place called Unclu Bnssi, 
between Makeria and Dasinyah , it flows through what is toimed the 
*< Chamb Chak" or a string of marshes and swamps, it eventually finds 
its way into the Beas crossing the railway between Kaitaipur and Wa- 
zir Bholai 

All the cJios between Humana, Dasinyah, and Makeiia, crossing the 
part on the map colouied yellow, find then way into this Chamb, and m 
flood comedown roaring torrents fiom 50 yards to half a mile in breadth, 
With a depth of from 3 to 4 and 5 feet, the excessive slope of the 
country makes matteis worse, and nothing can lesist the force with which 
the waters descend 

There is a tradition to the effect that in foimei ages the Beas used to 
have its course some six or seven miles moie to the east, or in other 
words flowed directly beneath Dasinyah, Tanda, and Zahuiah, and theaofl 
onwards to where Kapuithala at piesent stands 

My own personal observations have tended to confirm me in this belief. 
Oar mam road fiom Hoahiaipur to Battala vid Sliii Hai Govindpiir 
aftei passing Tanda, has a sudden dip of nearly 80 (thiity) feet in less 
than a quarter of a mile After this the incline is veiy gentle, not more 
than 10 (ten) feet in 2^ miles till it crosses the Beyn, wlieie the land 
again slopes up as far as the village of Earra, which is about one mile 
from the Beas 

These facts I ascertained nearly three years ago, having occasion to 
take levels, <Sto , foi a new budge on this load 

The Chamb as 1 before said is compiised of a string of marshes and 
swamps about 15 (fifteen) miles long in this distiict, but extending down 
past Kartarpur into the Kapurthala State 

These maishes ran almost parallel with the Beas 
My theory is that in ages long ago, owing to cei tain causes of wlin h we 
are ignorant, the Beas began to shift its couise giaduilly westward, till in 
the course of time its extieme point of diveigeiice was attained 'VV iilst 

NOTB— The lands In the Chamb Chnkaie not cnlMvnted, and in technical phraseology taiowii as 
thait rnumiiH in thl» Diatiicb tbara ore ncoily 10,000 norea of tuoh land 
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these causes were m operation, the course of the stream became someirhat 
tortuous, the usual lesults followed, its dischaige became aneated, silt 
was deposited, and the level of the bed was raised , yeai by yeai as the 
floods came down the tendency to oveiflow its banks became moie maiked, 
and the surplus watei, so to speak, was spiead ovei a widei aiea The 
Slit and allnvial soil held in solution was piecipitated over an aiea 
equally extended, the stinta thus foimed being thicket nearei the liver 
and decreasing giadnnlly as the extreme limit of inundation was leached. 
This in my opinion accounts foi the fact of the slope of the country 
being fiom the river 

The Beas lias again commenced to shift its coiiise, and fiom a careful 
measurement taken through a senes of yeais,* it is beyond all doubt that 
this stream desiies to revisit its old bed, and is year by year cutting more 
and inoie into the left bank, and in each succeeding flood the level to 
which the Beas water has to use before it can oveiflow into the Chamb 
la decreasing, consequently each succeeding flood is moie disastious in 
its effects lowei down the valley 

Fioui my own levels, and from some taken by Executive Engineer, 
Jalamlhai,f it has been ascei lamed that the watei s of the Cliamb are 
some feet lowei than ike led of the Beas 

Dunng the floods the Bens bungs down more water than it can hold, 
and at various places, moie especially the villages of Motsaii, Pokho- 
wal, Khatnna, Habibcliak, and Abdiillapur, wheie the Beas is cutting 
into the left bank about 800 (thiee luiudied) yaids yeaily, this water 
ovei flows, pours into the Cliamb, mingles with the Beyn, ciosses our 
Hoshiarpnr and Shu Hai Govindpui ioad,| and finds its way down to the 
(hand Trunk Road, bieaches that wherever it can, and then damages the 
Semde, Panjab and Delhi Railway to a teriible extent yeaily, a very heavy 
bill to meet no doubt, and until measures aie taken to check this evil, 
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this bill will be run up ovei anil over again, till some fine day it may occur 
to the Enilwiy Engiiieeis that it would have been chtnpei in the hist 
place to have had a budge fioiu Kaitaipiii to WaAii Bliol ii 

I have heaid it said, of course bj people who Inve iievei been neai 
this pait of the countiy duiiiig the floods, that the 13eas watti doct, not, 
and cannot, oseiflow into the Cbamb Stattmeiits like this mod to be 
met with facts I ask why weie not the Bailway and Giand liiink llnad 
embaiiknients and viaducts diiuiged diiiiug the cold weathei of IbTG 77, 
1877 78, when out local laiiis weie c\ceptioiially heavy All oui olios 
weie in flood moie oi lees, and a gieat many of oiii chos hiul tlieii way 
into the Beyn and Cliamb I will quoto an extiact fiom a dnuy of 
mine, August 1876 

“ Thcie had been no lain in Hoshiaipiii foi ncaily 2i houis On the 
evening of tiie lOth I stalled foi Tniida, leachiiig that place dining the 
night, was infoimed by Oveiseei that no lain had fallen iii the pnignniih 
since the uioining of the pievioiis day , the Bcas had been in flood but 
was going down Next nioining Oveiseoi inloiined me tint owing to 
heavy lain in IJangia and Kulu, the watei was again using Would I 
go and inspect the Alnni(iui causeway which had failed some dayspie- 
vions, nnd as a boat was the only means of locomotion, he had pioomed 
one We stalled about 11am, the day cloudy and a btiong south-east 
wind bliiwiiig 

“ I got down to om neniest viaduct in the Beyn valh y to find the whole 
valley under watei fiom witlim a mile of Tmda to the Gliudaspiu bank 
of the Bens The uish of watei was coiisidoi able, and it was only by 
means of an extempoiised mast and sail that we could ninkc any piogiess 
in om joiiuicy ‘ acioss countiy,’ and it took ns veiy iieaily tliiee honis to 
get up as fai as Alampui WImt a sight we beheld, the tops of tices ai d 
villages only to be seen, eveiyttnng else submeiged, the watei a deep 
tinged coWni, wliicli is deuved fiom the paciiliai soil held in solution and 
bionght down by the Beas fiom the Himalayas, and especially the Knlu 
valley, hence the rtamo it goes by Kulu ka pmu The set of the cm lent 
was flora noith-west to south-east fioin the luei and against the wind 
We got to Alampiii by about 3 p in , had a look at the causeway, oi rather 
the guide posts m the roadway, foi theie was a head of 4 feet of watei rim- 
iiing ovei It A few enquiries weie made Wo went up about a mile 
above Alampui, saw what was to be seen, intending to return by the Chamb 
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but this wa wtic not fated to do We weie caught m the stioiig cuirent 
ot the Biyn and caiued it once down the stiLnm, in the diicolion of the 
causeway, the bout going anyhow, bioadside, btoiu oi bow foiemost A 
Tiiddei ovei was ]uit out over the skin, and we got its head stiniglit and 
manngid to get ovu the causowt) without vciy ninoh dilliculty When 
it became daik the wind went down, and we liad no moon no stais to 
guide US 01 show us whcie we wtie Suddenly we weie hiimiied against 
soma biibmeiged tieos, getting clem of these wi biw a duik mass looming 
ahead of us, it was the Beyii hi iilge Wo just had Lime to steei sti aight 
foi the ceiitie span, and cionoh down in the boat as we ‘ shot the budge ' 
I toiiobed the softit at the ciowii of the null as we passed ” 

In the cold wentLei of 1876 I Malted the places whole the Boas finds 
its way into the Chamb, and was then convinced that it is only a question 
of time, it may be foni, five oi ten yeais liuioe , hut soonei oi latei the 
Boas will, aftei having cut into its left biiik a ceitnin dibtanoe and find- 
ing nothing to letnin it, jioni the gicalei pait of its wntcis inlo the 
Cliarnb, legain its old bed, and sweep clean eveiything hefuie it, villsges, 
ciops, loads, budges and embankments as fai as Sultanpui m the Aa' 
pmthaln State 

Piotectivo measures aio nigenlly needed, and I would suggest llie fol- 
lowing 

I A complete scheme forieboising the Siwalilcs fiom the Sutlej to 
the Bcas, aim bimilai opeiations on a laige scale fai up the Beas valley 

II Extensive opeiations com piibing bands, spais, tiaimng woihs, do , 
in the Boas valley, foi the purpose of eliaightening the coniso of the iiver, 
deepening its channel, and deflecting it ns fai ns possible, and wheiever 
piacticable on to the Qiudaspni bank winch lo high, and wheie littlo or 
no damage could result 

I Eeboi&ement — 

The Foiest Act of 187S empoweis Forest and Distiict officials to carry 
out all mensmes leqnisite to picseivo and “leboise” oeitain tiacts fiom. 
the destructive lesiilts consequent to a lechless denudation of foiest 
aioa To enuy out the provision of this Act in Hoshinipni, an Assist- 
ant Coiiseivatoi of Foiests with a buboidinateesta hlishinent consist- 
ing of. — 2 Foiestois, 60 Kakhas ol Chowkidnis, and 8 Jemndnis is needed 
Annual cost not to evceed Es 6,000, and tho cost to be boine by the 
Hosluai pur Loc d Funds 
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It has been calculated that one-fourth of the actual average of each hill 
Tillage la ample for the leguirements of the inhabitants 

Allowing to each village 4,000 (foui thousand) bigahs of land, this 
area should be deraaicated into blocks of 100 (one hundred) bigahs each, 
nnmbeied consecutively fiom 1 to 40 Operations being started say m 
18S0, blocks numbers 1, 11, 21, 31, 2, 12, 22, 32, 3, 13 would be made over 
to the Giijais to cultivate, giaaa cattle, &c , thereon the remainder to bo 
enclosed fenced off, and the provisions of the Act to be Vigorously enforc- 
ed, grazing, clearing jungle, &c , to he made penal 

At the expiiation of seven yeais, say by Apiil 1887, blocks numbers 
23,83, 4, 14, 24, 34, 5, 15, 25, 35 to be made over, bioken up and oleaied 
for cultivation and pasture, the fiist lot oi senes to be taken over and 
brought under consenancy, and so on in regular succession, in this manper 
thiee-fouiths would always be under foiest conservancy In this manner 
the interests of the villogeis and the estate m general would be amply 
protected, of couise as the foiest grew valuable each village would hare 
to ooiitiibute 1(8 share of cost of suboidmate estahlisbment 

It may be urged that the piices of most commodities would rise, ow- 
ing to the scarcity of fuel, and that the Gujars, Pnhaiis and villagers of 
montane tiacts would suffei fiom such an infringement on their lights 
as would be entailed by bunging these hills under foiest conservancy 
but allow me to state that under the pieseiit system ten or twelve years 
hence these veiy rights would have no existence wliatevei, as it is highly 
probable, nay almost ceitam, that by that time these Siwaliks would cease 
to bear vegetation of any sort Moreover in tlie Hoshiarpui paiganah 
alone there aie 88,000 bigahs of land biought to tliat state known as 
chohiuli or deluviated, repiesentmg a dead loss to Government of Es, 
60,000 per annum m land revenue, and the total loss in this district 
alone may be put down as consideiably over Es 100,000, per annum 
The above would be the cheapest method of dealing with the evil 
though 111 my ommon it would be tioe policy if the Government were to 
buy up laige tracts of land m the Siwaliks, having their own reserves and 
plantations, a valuable legacy for future generations, a sure and prolific 
source of levenne 

The Gi and Tiunk Eoad and Eailway run almost parallel to each otheb, 
and cross the diamage tliiongliont the Doab the evil effects arising from’ 
excessive floods are alternately ascribed to one or the other of these 
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works, the railway howeyei being m publio opinion the chief delinquent , 
when the Delhi Railway was fiist piojected, abgned and works started 
the able Engineeis who diew up the pioject gave what was under the 
conditions ot those Jays ample waterway tluoughout thisDoab , but from 
Phillor to Kartai pur, the floods due to a reckless system of “ dcboisc- 
ment” in these hills, hai^e inoieased in seventy, the failure of numerous 
viaducts fiom year to yeai in the Doab culmmatmg m the giand disaster 
of 1878 conhim this theoiy 

Nothing shoit of a complete system of reboisement in the Siwahks, 
will eflectually piotect the countiy fiom Phillor to Kaitaipur, and with 
it the Railway and Giand liunk Road, and to bo effectual it must be 
complete, half measures will do no good 

In the Boas valley we have to deal with the Beas as the chief, if not 
sole source of evil, to mitigate which a costly and aiduous stuiggle must 
be waged with nature, a stiuggle of the result of which we need not 
despair, provided prompt action is taken 

In the accompanying Sketch Map will be seen a road running parallel 
to the Beas, from the town of Miam to the village of Kolian, wherever 
the level of this road is sufficiently high it checks the ingiess of water 
into the Cbamb, but in most places, wbeie the level has sunk, the water 
m flood pouis over it unchecked 

One of the first measures I would advocate would be the laising of this 
road at least three feet above “highest flood level,” this has been advoca- 
ted by more than one Engineer who has visited this pait of the district 
I have been informed on good autboiity, that the Kapuitbala State 
has professed its readiness to spend a couple of lakhs of lupees, provided 
the Government and Railway would take the initiative m the matter 
The opeiations would be costly, and would extend over a penod of some 
two or three years, and would lequiie at least Es 500,000, which might 


bo met as follows — 

Es 

Kapurthala State, 2,00,000 

Somde, Panjah and Delhi Eailway, 2,00,000 

Panjab Government, 60,000 

Hotlnarpur Local Fund, 80,000 

Jalandhar, 20,000 
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Tins may sound a large sum, but until the Kapurthala State, the Eail- 
way and Griand Trunk Road can be piotected fiom the disastious effects 
of the oveiflow of the Beas into the Chamb, I do not think that money 
01 exoitions should be spared Moieovei the land reclaimed in this dis- 
trict aloneivoaldyieldveiy nearly Rs 15,000 laudievenueto Government, 
or S pel cent on the total outlay The maintenance of our communications 
with the Noitli-West Fiontier is of paiamount impoitance, with a gap 
25 miles long, no road, no budges, no embankments, and a large river to 
ciuss after that it is impossible to depict the disastious effects which 
might have lesulted had Government been compelled to push up 25,000 
tioops to the Froiitiei dining August and September, supposing Shoie Ali 
Klian had chosen to piocipitatt the piesent ciiois six weeks eailiei than 
ho did 

C G F 
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Annemieto Offg Chief Enginee't's No GU^W,datedmh Febmary, 
1877 By P Nelson, Esq , Asst to Chief Engineer 

Sraeaton, in a table at the end of hia “ Expeiimental papers on the power 
of water and wind to tmn mills, &o , &c ”* says, that when the velocity of 
the wind is 1 mile an hoar it is “haidly perceptible f when 2 and S miles an 
honr, it IS “just perceptible ,” and when 4 and 5 miles an hom , it is a “ gen- 
tle, pleasant wind ” horn this I gather that a “ light hi eeze ” (mentioned by 
Mr Thubei ) is rather more than 4 miles an hour, or about 6 feet a second 

Smeaton does not say definitely what is the least wind-velocity lequir- 
ed to move the aims of a wind-mill with efloct, but it appeals from the 
general tenoi of his essay, and the figures m his table, that 4^ feet per 
second is the minimum , this equals a little moie than 3 miles an hour 
(I have consulted other works without being able to obtain information 
on this point) 

Three miles an hour is equivalent to 72 miles per diem , 4 miles an 
hour equals 96 miles a day Appended is a Table (A ) showing the 'wind 
velocities of five stations m the North-West Piovinoes and Oudh, from 
November 1871 to November 1874 (a period of 37 months), abstracted 
from the tables published monthly in the N -W Provmces Gazette by 
the Meteoiologioal Eeporter A study of the table shows that — 

I At Root Lee — The average velocity of the wind o'voeeded 8 miles 
an hom in June and July 1872, Febiuary, Maich, May, June and 
July 1878 , and May, June and July 1874, or in 10 months out of 
the 87 

A velocity of 4 miles an hom was reached in May and June 1878, or 
in 2 months out of 87 

II At Bareilly — The velocity exceeded 3 miles an hour in November 
and December 1871, in Eebrnaiy, March, Apiil, May, June and July 
1872 , in Febiuary, March, Apnl, May, June and August 1878 , and in 
March, Apnl, May, June, August and September of 1874, or in 20 months 
out of 37 

The velocity of 4 miles an hour was exceeded in the months of Feb- 
ruary and June 1872 , March, May and June 1873 , and May and August 
1874, or 7 months out of 37 

III At Agia — Three miles an hour was exceeded in December 1871, 

• Tracts on njiUKinlics eflltol by IhomiisTretlgoW, Civil EiigJtiscr pngesivto 78 far wprlnt 
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in January, Febiuary, March, April, May, June, July and August of 1872 , 
m Januaiy, February, Match, Apiil, May, June, July, August and Sep- 
temboi of 1873, and m January, Febiuaiy, Match, April, May, June, 
July, August and September of 1874, or in 26 months out of 37 

Four miles an houi -weie reached in February, Apiil, May, Juno and 
July of 1872, in Match, April, May and June 1873, and in February, 
March, Apiil, May, June, July and August of 1874, that is, in 16 out of 
87 months 

IV At Lucknow — The wind velocity exceeded 3 miles an hour m 
February, Maicb, April, May, June and July 1872, in Febiuaiy, Maich, 
April, May, June, July and October 1878, andin February, March, April, 
May and June of 1874, that le, in 18 months out of 87 

The velocity of 4 miles an hour was reached in June and July 1872, 
in Match and May of 1873, and in March, May and June of 1874, or 
in 7 months out of 37 

V At Benares — Thiee miles au houi were exceeded in March, Apnl, 
May, June, July and August 1872 , in March, Apnl, May, June, July, 
August and September 1878, and from January to September (inclu- 
sive) in 1874, 01 in 22 months out of 37 

Foul miles an hour weie exceeded lu May, June and July 1872 , in 
May, July and September 1873 , and in February, Maioh, April, May, 
June, July and August 1874, altogether m 18 mouths out of 87 

The ordinary course of agriculture in these Piovmces requires that 
iingation for the Rabi (cold weathei) crops should be in progress duiing 
November, Docembei, Januaiy and Febiuaiy, and foi the Khaiif (or 
hot weather) mops, in Apnl, May and June Only in veiy exceptional 
years would litigation bo geneially resoiteu to in July, August, Septem- 
ber and Octobei, and even if the wind weie favoiable, it would scarcely 
pay to erect mills to be used only once in 10 yeais or so 

It will therefoic be convenient to consider the Rabi and Khaiif separ- 
ately and fuitber to notice the number of calm days m each month, 
and the vaiiation of the wind , for this lattei pnipose I have collected 
the anemometrioal lesults published for the year 1875 
Rabi 

Novembei — During the five yeais 1871 to 1875 (inclusive), the wind 
was only once (1871) of sufiSeient velocity to move the sails of a mill, 
185 
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and that only at one station (Bareilly) out of five The month is usually 
calm 

Decemler —In 1871 the wind was above the minimum 8 miles an hour, 
but only at two stations (Bareilly and Agra) out of five Decembers 
1872, 1873, 1874 and 1875 were all calm months at all stations, during 
whii^h mills would not have worked 

Jonwaiy —During the years 1872, 1873, 1874 and 1875, the wind was 
three times above the minimum at Agra (1872, 1873 and 1874), and 
once at Benares (1874) At all othei places it was below At no 
place was the velocity of 4 miles an hour reached It is therefore mani- 
fest that wmd-mills would be of no use in January 

February —In 1872 the wmd at three'*' stations out of five was above 
the minimum, and m two of these (Bareilly and Agra) above the rate of 
4 miles an hour In 1873 the wind at four stations out of five was above 
the mmimum, but at none above the “light breeze” figure In 1874 the 
wind was above the minimum m threef out of five stations, and in two of 
those it was a “hght breeze,” and lastly, in 1875, the same three sta- 
tions show a velocity above the minimum, as did so in 1872 Altogether 
February is a more windy month than any of the three preoedmg , yet 
the wind is so vanable, and so often below 8 miles an hour at so many 
atations, that it may safely be said that wind-mills would not woik 
It 18 clear from the foiegomg that wind-mills could not be worked 
during the Habi months, and the Babi is the most important season m 
the year, especially whore irngation is practiced from wells, for the area 
usually irrigated in Eabi is about four tunes that irrigated m Kharif 

Khaeif 

Afnl —In 1872 the velocity was above the minimum in four stations 
out of five, but in only one (Agra) did it blow a “ gentle breeze ” 1878 
was the same as 1872 In 1874 the wind was variable, but m three 
plaoes exceeded 4 miles an hour, and 8 miles in four places In 1876 the 
wmd was generally above the minimum, and m two out of four stations 
was more than 4 mUes an hour Dunng this month, therefore, wind-mills 
Would probably work, except in the upper districts of the Ganges- Jumna 
Dnab 

' BarelUy loi iiotaiom i t Ae);a, 103 per diem 

1*7 „ nnolOiow, 89 , 

tnclmow, 81 „ I Bonaras, 109 . 
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May — In 1872 the wind was above the mmimuin in four out of five 
stations, and exceeded 4 miles an hour m two places (Agia and Benares) 
In 1873 the velocity generally exceeded 4 miles an hour, as it did too 
in 1874, except at Eooikee, where the mean was just 3 miles an hour 
The Meteorological Reporter says foi 1874, that calms were frequent 
In 1875 also the velocity was generally ovei 4 miles an hour 

In the month of May, therefore, it may be accepted that wmd-mills 
would work fairly well 

June — This is usually a windy month, but the wind is variable 
For the purposes of Kharif irrigation, it would appear that wind-mills 
are feasible, but the fact should not be lost sight of that during the three 
months, April, May and June, violent sandstorms, capable of throwing 
down large trees, are of frequent occurrence, and any mill to be worked 
during those months must needs be of great strength and consequently 
very expensive 
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No 204 

From — H P Blanpord, Esq , Meteorological Beporter to Govei n- 
ment of India 

To — The Secy to Govt of India, Department of Revenue, Agnculiut e 
and Commerce 

I have the honor to return herewith the papers on the subject of 
wind-mills m the N -W Provinces, forwarded to me for remark, under 
your endorsement No 27 of the 13th instant 

The question of the applicability of wind-mills for the purpose of 
irrigation must of course depend upon many circumstances, besides the 
existence of a sufficient motive power, but as this condition is funda- 
mental, I may add a few remarks to those in the body of the report on 
this subject 

The moan diurnal movement of the wind at certain stations m the 
N -W Provinces has been given in the repoit from data supplied ap- 
parently by the Metooiologioal Eeporter foi the N - W Provinces But 
the mean diurnal movement is an unfavorable ciiteiion of the available 
wind-power, since it is well known that m moat parts of India the wind 
movement is greater during the day, especially in the afternoon, than dur- 
ing the night The hourly obsei rations that are now recorded on certain 
days at oertam stations in the N -W Provinces afford the means of 
showing this I have selected those of Agra, and have tabulated the 
averages under each month, omittmg those of the lainS The figures 
for the three months January to March, are the averages of four days’ 
observations, those of the remammg months, of 8 days’ observations 

The result shows that on an average there are several hours during 
the day in which the velocity of the wmd at Agra is considerably above 
the requisite minimum deduced from Smeaton’s estimate, although the * 
mean of the twenty-four hours in certam months is below that minimum, 
and it may etill, therefore, be a question whether at stations such as 
Agra, wind-mills might not be used with advantage 
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Mean howly movement of the mnd at Agra 


Hours 

I 

1 

1 

1 

1 

£ 

1 

1 

a 

1 

1 

20 

17 

47 

30 

22 

24 

44 

41 

2 

31 

20 

80 

32 

28 

81 

66 

46 

8 

28 

21 

89 

37 

26 

87 

44 i 

49 

4 

81 

28 

28 

87 

21 

34 

60 

47 

6 

24 

26 

89 

37 

29 

88 

40 

58 

G 

28 

26 

89 

30 

27 

88 

60 

73 

7 

26 

27 

87 

35 

26 

21 

63 

63 

8 

30 

30 

64 

41 

81 

29 

67 

64 

9 

27 

83 

38 

88 

45 

64 


73 

10 

45 

36 

72 

67 

67 

60 

74 

80 

11 

41 

44 

G3 

66 

76 

61 

74 

73 

12 

46 

49 

66 

49 

66 

62 

76 

87 

13 

49 

4-8 

72 

68 

69 

81 

63 

80 

li 

67 

46 

42 

67 

70 

66 

[ 68 

98 

16 

63 

80 

64 

67 

78 

82 

80 

70 

16 

65 

37 

72 

73 

71 

76 

49 

ST 

17 

34 

24 

84 

69 

49 

60 

60 

70 

18 

27 

21 

22 

39 

84 

65 

64 

68 

19 

22 

16 

16 

34 

26 

40 

61 

68 

20 

18 

20 

26 

23 

23 

47 

68 

61 

21 

1.8 

17 

28 

26 

11 

81 

66 

66 

22 

16 

' IS 

31 

26 

10 

41 

63 

37 

23 

16 

14 

29 

28 

09 

38 

64 

43 

24 

14 

17 

25 

29 

12 

39 

48 

40 

Total, 

76 8 

67 6 

1 100 2 

1001 

892 

1161 

137 7 

1618 

Mean, 

32 

281 

4,17 

417 

371 

48 

6 73 

632 


2 o 
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Entsaot from Tkaots on Hydraulics, edited by Thomas TnEDCOLD, 
1837, Parp III OP Smbaton’b Experimental Papers on 

THE POWER OP water AND WIND TO TDRN MILLS 


On the Const! uchon and ej^ects of Wind-mll Sails 


In trying expenments on wind-mill sails, the wind itself is too uncer- 
tain to answer the puipose, we must, theiefoie, have lecouise to an 
artificial wind 

This may be done two ways , either by causing the air to more against 
the maohmo, or the machine to move against the air To cause the air 
to move against the machine, m a sufficient volnme, with st^admeBs and 
the requisite ve’ooity, is not easily put in practice to carry the machine 
foTwaid in a right hue against the air would leqnire a larger loom than 
I could conveniently meet with What I found most practicable, there- 
fore, was to cany the axis, whoieon the sails were to be fixed, progressively 
round m the ciicnmforence of a large ciicle Upon this idea* a machine 
was constructed, as follows — 

Fig 1 of Plate 

ABO is a pyramidical frame for supporting the moving parts 

DE 18 an upright axis, whereon is framed 

EG, an arm foi canying the sails at a pioper distance fiom the centre 
of the upright axis 

H is a barrel upon the upiight axis, whereon is wound a cord , which, 
being diawn by the hand, gives a circular motion to the axis, and to the 
arm EG, and thereby cariies the axis of tho sails in the circumference of 
a circle, whose radius is DI, causing thereby the sails to strike the air, 
and turn round upon their own axis 


• Some yeoiB ago, Mr Bouse, au ingomons gentleman ol Horboiongli, in Lolcesterahire, set about 
trying experiments on tbe Tclooity oJ the mnd, and force thereof upon plain enrfaoes and wind miU 
saile , nnd much about tbe Bamctime, Mr Elhcott contrived a machine foi tho nee of the late celebrated 
Ml B RoWub, for trying tho rcsietance of plain enrfaoea moving through tho air The machinea 
of both these gentlemen wore mnoh alifeo though at that time totally nnacquolnted with each 
other B Inquiries Bntlt often heppena that when two poraona think jnatiy apon the Berne enbleot, 
their esperimenta aie alike This maohlna was also hallt upon tho bhiuo idea ae tie foregoing but 
aUCorod in having the hand tor the Urst mover, with n pendnlnm foi its legulatoi. Instead of n 
weight, as In the former, which woa ceitaliily heat foi the pnipoaoa of mcosuilng the Impulse of tho 
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At L la fixed the end of a email line which, passing through the pul- 
!ies MNO, teimmates upon a small cylmdei or bnriel upon the axis of 
the sails, and, hy winding thereon, laises 
P, the scale, wherein the weights aia placed for tiying the power of 
the sails This scale, moving up and down m the diieotion of the up- 
right axis, receives no distuibance fiom the oironlai motion 

QR two parallel pillars standing upon the arm FG, foi the purpose of 
supporting and keeping steady the scale P, which is kept fiom swinging 
by means of 

ST, two small chains, which hang loosely round the two pillais 
W IS a weight for bunging the centie of giavity of the moveable 
pait of the machine into the centre of motion of the axis DE 

VX. IS a pendulum, composed of two balls of lead, which aie moveable 
upon a wooden rod, and theieby can bo so adjusted, ns to vibrate in any 
time required This pendulum hangs upon a cylindrical wire, wheieon it 
Vibiates, as on a rolling axis 

Y 18 a poiforated table for supporting the axis of the pendulum 
Note —The pendulum being so adjusted, as to make two vibiations in 
the time that the arm FG is intended to make one turn , the pendulum 
being set a vibrating, the experimenter pulls by the ooid Z, with suf- 
ficient force to make each half revolution of the arm to correspond with 
each vibiation, as equally as possible, during the number of vibrations 
that the expeiiment is intended to he continued A little practice renders 
tt easy to give motion thereto with all the regularity that is necessary 

Specmen of a set of Expenmenis 

Radius of the sails. 

Length of ditto in the cloth. 

Breadth of ditto, . < 

Angle at the extiemity, 

Ditto at the greatest inclination, 

20 turns of the sails raised the weight 
Velocity of the centre of the sails, m the circum 
ferenoe of the great circle, in a second, 

Continuance of the experiment, 

» 111 nil the following oicporlmmto the imgle of tho soIIb ie nocouiited from tho plane oi thoir 
motion , that la, wlicn they atand at right aiiglea to then axib, their angle la denoted 0“, this liota 
tlon bomg agroeahlo to the language of praotibonera, who call the angle ao denoted the weatliet of 
tlic Bail , which they denojnJnaM greater oi Icsa, according to the quant'ty of this angle, 


21 inches 
18 
5 6 

10 degrees 
25 

113 inohes 

6 feet 
52 Seconds 
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Tnrna Proflncl 

108 ... 0 

86 ... 610 

81 626§ 

78 . 64G 

73 647J maximum 

66 520 

0 0 


nr B — The weight of the scale and pulley was 3 oz , and that 1 oz 
suspended upon one of the ladu, at 12^ inches from the centre of the 
axis, just oveioame the fnction, scale, and load of lbs , and placed 
at 14^ inches, ovexeame the same lesistance with 9 ibs in the scale 


Beductton of the p) ecedtng Specimen 

No 5 bemg taten fov the mammum, the weight m the scale was 7 ibs 
8 oz , which, with the weight of the scale and pulley, 8 oz , makes 7 lbs 
11 oz , equal to 123 oz , this added to the friction of the machinery, 
the sum is the whole lesistance * The fnction of the machinery is thus 
deduced , since 20 turns of the sails raised the weight 11 8 inches, with 
a double line, the radius of the cylinder will be 18 of an inch , but, had 
the weight been laised by a smgle Ime, the radius of the cylinder being 
half the former, viz 09, the lesistance would have been the same We 
shall, therefore hare this analogy as half the radius of the cyhnder is 
to the length of the arm where the small weight was applied, so is the 
weight applied to the arm to a fourth weight, which is equivalent to the 
sum of the whole resistance together , that IS, 09 J 12 5 1Jloz ; 139 
oz , this exceeds 123 oz., the weight in the scale, by 16 oz or 11b , 
which 18 equivalent to the faction , and which, added to the above weight 
of 7 fiss. 11 oz makes 8 lbs 11 oz = 8 69 lbs for the sum of the whole 
resistance, and this, multiplied by 73 turns, makes a product of 634, 
which may he called the representative of the effect pioduced 

In like manner, if the weight 9 ibs which caused the sails to rest after 
being in motion, be augmented by the weight of the scale and its relative 
friction, it will become 10 37 lbs The result of this specimen is set down 
in No 12 of Table I , and the results of every other set of expenments 
therein contained were made and reduced in the same manner 

• The rcoistence of the nir ig not taken into the account ol resistance, beeauM it is insepornblo 
liom the apjillcatloii o{ the power 
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Table I 

Containing nineteen sets of Experiments on Wind-mill Satis of various 
structures, positions, and quantities of sut face 


The kind o£ eaila 
made use of 


S 

1! 

d 

9 

1 

15 

11 

i ^ 

|3 

Ji 

n 

1 

1 

■g 

SI 

ii 

If 

111 

lil 

!l 

Flam sails at an j 
angle of 65° with f 
the axis, ' 

1 

36 

36 

66 

42 

7 66 

lbs 

12 69 

318 

sq In 

404 

10 7 

10 6 

10 79 

PZffiira sails wea 
theied according 
to the common 
practice, 

2 

3 

4 

12 

16 

18 

12 

16 

18 

106 

96 

70 

66 

63 

6 72 
70 

7 66 
812 
9 81 

441 

464 

462 

404 

404 

404 

10 6 6 
10 7 

10 8 8 
10 8 8 
10 71 

10 101 

10 10 15 
10 1015 

Weathoied no | 
coiding to Mao ■< 
launn’a theorem, 1 

6 

6 

7 

9 

12 

16 

32* 


68* 

70 

7 38 
83 


462 

618 

627 

404 

404 

404 



10 114 
10 12 8 
10 18 

^ Sails -weatlieied \ 
m the Dittoh man J 
ner,triediu7ariona ^ 
posltiona, j 

8 

9 

10 

11 

12 

13 

0 

3 

6 

n 

10 

11 

16 

I 20 

22| 

26 

!L 

iST 

120 

113 

108 

100 

79 

78 

77 

73 

66 

4 76 
70 
76 
88 

8 41 

6 81 
812 
812; 
9 81 

IO 37 I 

10 94 

663' 

686 

689 

634> 

680 

404 

404 

404 

404 

404 

404 

'10 7 7 
10 0 6 

10 6 8 
10 6 8 
10 6 6 

10 8 9 
10 8 6 
10 9 2 
10 8 6 
10 8 4 
10 7 7 

10 11 

10 18 7 

10 14 6 
10 16 8 

10 16 7 
10 14 4 

Sails weatheied) 
in the Mutch man ( 
ner, but enlargedy 
towaids the ex 1 
tremities, . ; 

U 

IB 

16 

17 

7J 

10 

12 

16 

224 

25 

27 

80 

128 

117 

114 

96 

76 

74 

66 

63 

10 66 
1108 
12 09 
12 09 

1269 
18 69' 
1428, 
1478 

790 

820 

799 

762 

606 

605 
SOS 

606 

10 61 
10 6 8 
10 6 8 
10 6 6 

10 8 6 
10 81 
10 8 4 
10 8 2 

10 16 8 
10 16 2 
10 16 8 
10 161 

8 sails being seo ‘- 1 
tors of ellipses m > 
their best positions, ) 

18 

19 

12 

12 

22 

22 

106 

99 

64J 

641 

16 42 
18 06 

27 87 

1069 

1166 

864 

1146 

10 61 
110 6 9 

10 6 9 

10 12 4 
10 101 


1 

2 

8 

4 

6 

6 

7 

8 

9 

1 

11 

12 


Observations and Deductions from the pheobdino Experimbhts 
I Concerning the best form and position of Wind-mill Sails 
In Table I , No 1, is contained tlie result of a set of experiments upon 
sails set at tbe angle which the celebrated Mons Parent, and succeeding 
geometricians foi many years, held to be the best , nr those whoso 
planes make an angle of 55°, nearly, with the axis , the complement 
whereof, or angle that the plane of the sail mahes with the plane of their 
motion, will therefore be 85® as set down in columns 3 and 8, Now, if 
we multiply their number of turns by the weight they lifted, when work- 
ing to the greatest advantage, as set down m columns 5 and 6, and oom- 
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paie this product (column 8) with tho other products contained in tho 
same column, instead of being the greatest, it turns out tho least of all 
tho rest But if we set the angle of the same planes at somewhat less 
than half the foimei, oi at any angle fiom 16® to 18°, as in Nos 3 and 
4, that 13 , fiom 72° to 75° with tho axis, the pioduct will be mcionsed in 
the ratio of 31 * 45 , and this is the angle most commonly made use of 
by praotitioneis, when the surfaces of the Bads are planes 

If nothing more was intended than to deteimine the most efSoaoious 
angle to mahe a mill acqniie motion fiom a state of rest, or to prevent it 
fiom passing into lest fiom a state of motion, we shall find the position 
of No. 1 the best, for if wo consult column 7, which contains the least 
weights that would make the sails pass fiom motion to lest, wo shall 
find that of No 1 (relative to the quantity of cloth) the greatest of all 
But if the sails are intended, with given dimensions, to produce the great- 
est effect possible in a given time, we must entiiely reject those of No 
1, and */ we we confined to tlie me of planes, conform ourselves to some 
tingle letween Sos 8 and 4, that ts not less than 72°, or greater than 75°, 
mth the axis 

The late celebrated Mi Maclanrin has judiciously distinguished between 
the action of tho wind upon a sad at rest, and a sad in motion and, 
m consequence, as tho motion is moie lapid neai the extremities than 
towards the centre, that the angle of the different parts of the sail, as 
they recede from the centre, should be varied Poi this puipose he has 
furnished us with tho followmg theorem * " Suppose the velocity of tho 
wind to he represented by a, and the velocity of any given pait of tho 
sad to be denoted by c , then the effort of the wmd upon that part 
of the sad will be gieatest, when the tangent of the angle, m which the 

wind strikes it, is to radius as + / 2 4- to 1 ” This theorem 
2 a xt 

then assigns the law, by which the angle is to be vaiied acoordmg to the 
velocity of each pait of the sad to the wind but as it is left undetermined 
what velocity any one given poit of the sad ought to have in lespeot 
td tho wmd, the angle that any one part of the sad ought to have, is left 
undeteiminod also , so that we are still at a loss for the piopei data to 
apply the theoiem However, being willing to avail myself thereof, and 
consideiing that any angle from 15° to 18° was best suited to a plane, 

* MacIauiIq's Account of Sir Isaac Neft ton sPhtlosopliicnl Dlbooveilea, page 17B, Ait 29 
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and, of conaeq^uenoe, the best mean angle, I made the sail, at the middla 
distance between the centre and the eYtiemity, to stand at an angle 
of 25° 41' with the plane of the motion, in which case the velocity of 
that part of the sail, when loaded to a maa,im,um, would bo equal to that 
of the wind, oi c = a This being determined, the lest weie inclined 
according to the theorem, as follows — 

Anglo with Anglo oJ 
tho axlt weather 
i a 630 26' 260 31' 

U cz= i a 690 04' 20° 6' 

Parts of tho ladius J J c= a 74° ig' 150 4.],' nnj^lo 

fioin the centre, j c = lJo 77“ 20' 12® 40 

If c=l§fli 79” 27' 10038' 

t.1 0 r= 2 « 81® 0' Qo 0 extremity 

The result heieof was accoiding to No 5, being nearly the same as the 
plane sails, in their best position but being tuined lound in then sockets, 
so that eyeiy pnit of each sail stood at an angle of 3°, and afteiwaids 
at 6°, greatei than befoie, that is, their extiemities being moved from 
9® to 12° and 15°, the products were advanced to 518 and 527 lespeotive- 
ly Now, fiom the small diffeienoe between those two products, we may 
conclude, that they were nearly in their best position, according to No 7, 
OT some angle between that and No 6 , but from these, as well as the 
plane sails and others, we may also conclude, that a variation in the angle 
of a degree oi two males v&y little diffeienoe in the effect, when the angle 
{3 near upon the lest 

It 18 to be observed, that n sail inclined by the preceding rule will ex- 
pose a convex surface to the wind whereas the Dutch, and all our 
modern miU-hmlders, though they make the angle to dimmish, in xeced- 
mg fiom the centre towards the extremity, yet constantly do it m such 
a manner, as that the suiface of the sail may bo concave towaids the 
wind In this manner the sails made use of m Nos 8, 9, 10, 11, 12, and 
18, weie constructed , the middle of the sail making an angle with the 
extreme bai of 12° , and tho gieatest angle (which was about oue-third 
of the ladius from the centre) of 16° therewith Those sails being tried 
m vauous positions, the best appears to be that of No 11, where the 
extremities stood at an angle of 7^° with the plane of motion, the pro- 
duct heiug 689 greatei than that of those made by the theoiem m 
the ratio of 9 J H, and double to that of No 1 , and this was the greatest 
product that could be procured without an augmentation of siuface, 
Heuco it appears, that when the wind falls upon a concave suiface, it is 
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an advantage to tliepowei of the whole, though every pait, taken separately, 
should not he disposed to the best advantage * 

Having tins obtained the best position of the sails, or manner of 
weathering, as it is called by the workmen, the next point was to try 
what advantage could bo made by an addition of surface upon the same 
radius For this purpose the sails made use of had the same weather 
as those Nos 8 to 13, with an addition to the leadmg side of each of a 
triangulai cloth, whose height was equal to the height of the sail, and 
whose base was equal to half the breadth of consequence, the moiease 
of surface upon the whole was one-fouith part, or as 4 2 5 Those sails, 
by being turned lonnd in then sockets, weie tried in four different posi- 
tions, specified in Nos 14, 15, 16 and 17 , fiom whence it appears, that 
the best was when every pait of the sail made a greater angle, by 
with the plane of the motion, than those without the addition, as appears 
by No 15, the product being 820 this exceeds 639 more than in the 
latio of 4 ; 5, or that of the increase of cloth Hence it appears, that a 
hioader sail lequnes a gieatei angle, and that when the sail is Iroadei at 
the extremity than near the centre, this shape is more advantageous than 
that of a parallelogram j 

Many have imagmed, that the more sail the greater the advantage, 
and hare, therefore, proposed to fill up the whole area and by making 
each sail a sector of an ellipsis, accoiding to Monsieui Parent, to inter- 
cept the whole cylinder of wmd, and thereby to produce the greatest 
effect possible 

• By serersl trials In large I have fonnC the tallowing angles to answer as weU as any The 
rnillns Is supposed to he al-ridod Into 6 parts and ith, reckoning from the oentie, is called 1, the 
extremity being denoted 6 


No 

1 

8 

4 

5 

6 


Angie with the 

72° 

71° 

72° 

74° 

774" 

88“ 


Angle^with the plane 

18° 

19° 

IS” middle 
16° 

. 12 |° 

7° extiemjfy 


f The Cgnre and proportion o£ the enlarged sarlo, which I have lound best to answa m large, aro 
represontod in figure of Plate, whcio tho o\tremc hai is Jrd of the radius (or whip as it is called by 
tho w orkmcn), mid la divided by tho whip in tho proportion of 3 to 5 Tho triangular, or leading 
sail, la covered with hoard, fiom tho point downwaid, Jrd of its height, the i cat with cloth as usual 
The angles of wcathei In the preceding note aro best for the enlarged suds also , for, in practice, it 
is found that tho sails had better have too little than too much weather 
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We have, therefore, proceeded to inquire how far the effect could be 
increased by a further enlargement of the surface, upon the same radius 
of which Nos 18 and 19 are specimens The surfaces, indeed, were not 
made planes, and set at an angle of 86°, as Parent proposed , because, 
from No 1, we leain, that this position has nothing to do, when we 
intend them to work to the greatest advantage We, therefore, gave 
them such an angle as the precedmg experiments indicated for such soit 
of sails, VIZ 12° at the extremity, and 22° for the greatest weather 
By No 18, we have the product 1059, greater than No 15, in the 
ratio of 7 t 9 , but then the augmentation of cloth is almost 7 ^ 12 
By No 19, we have the product 1166, that is greater than No 16, as 
7 ; 10 , but the augmentation of cloth is nearly as 7 ^ 16 , consequently, 
had the same quantity of cloth as in No 18, been disposed m a figure, 
similar to that of No 15, instead of the pioduct 1059, we should have 
had the product 1386 , and in No 19, instead of the product 1165, we 
should have had a product of 1860, as will be further made appeal m 
the course of the following deductions Hence it appears, that beyond 
a certain degree, the more the area is crowded with sail, the less effect is 
produced in proportion to the surface and by purauing the experiments 
still further, I found, that though m No 19, the surface of all the sails 
together were not more than ^ths of the circular area containing them, yet 
a further addition rather diminished than increased the effect So that 
when the whole cylinder of wind is intercepted, it does not then produce the 
greatest effect, for want of proper interstices to escape 

It IS certainly desirable that the sails of wind-mills should be as short 
as possible , but at the same time it is equally deauable, that the quan- 
tity of cloth should be the least that may be, to avoid damage by sudden 
squalls of Wind The best structure, therefore, for large mills is that 
where the quantity of cloth is the greatest, m a given circle, that can be 
on this condition, that the effect holds out in proportion to the quantity 
of cloth , for otherwise the effect can be augmented in a given degree 
by a leaser increase of doth upon a larger radius, than would be required 
if the cloth was increased upon the same radius The most useful figure, 
therefore, for piaotioe, is that of No 9 or 10, as has been experienced 
upon seveial mills m large 

Tablb II 

Containing the result of six sets of Expenmerds made for determining 
the difference of effect according to the diffetent velocity of the wind, 

199 2 D 
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N B — The sails were of the same size and kind as those of Nos 10, 
IX, and 12, Table I Continuance of the Expenment one minute 
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11,— Concerning the ratio between the velocity of vnnd-mill sails unload- 
ed, and their velocity when loaded to a mammum. > 

Those ratios, as they turned out in expemnents upon difleient bnds 
of sails, and with different inclinations (the velocity of the wind being 
the same), are contained m column 10 of Table I , where the extremes 
differ from the ratio of 10 I 7 7 to that of 10 J 6 8 , but the most general 
ratio of the whole will be nearly os 8 ; 2 This ratio also agrees sufficiently 
near with expenments where the velocity of the wind was different, as m 
those contained in Table JI , column IS, in which the ratios differ from 
10 ; 6 9 to that of 10 ; 5 9 However, it appears, in general, that wheie 
the power is greater, whether by an enlaigement of surface, or a greater 
velocity of the wind, that the second term of the latio is less 
in — Concerning the 7 atio between the gieatestload that the sails will 
bear without stopping, or what is nearly the same ihtng, between the least 
locd that will stop the sails, and the load at the masemum 

Those ratios foi different kinds of saila and inclinations, arc collected 
in column 11, Table I , where the extremes differ from the ratio of 10 ; 6 
to that of 10 J 9 2 , but taking in those sets of expenments only, where 
the sails respectively answered best, the latios will be confined between 

m 
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£ha( 0/ 10 ; 8 and of 10 ‘ 9, and at a medium about 10 . 8 3 op 6 * 5 
This ratio also agrees nearly with those in column 14 of Table II 
However it appears, upon the whole, that m those instances, where the 
angle of the sails or quantity of cloth were greatest, that the seeoud 
term of the ratio was less 

IV —Concerning the effects of satis, according to the different velocity 
of the wind 

Maxim 1 — The velocity of wmd-mdl sails, whether unloaded or loaded, ^ 
so as to produce a maximum, is nearly as the velocity of the wind, then 
shape and position heing the same 

This appears by comparing together the respective numbers of co- 
lumns 4 and 5, Table II , wherein those of Nos 2, 4, and 6, ought to be 
double of Nos 1, S, and 5 but as the deviation is nowhere greater than 
what may be imputed to the macouracy of the experiments themselves, 
and holds good exactly m Nos 8 and 4 , which sets were deduced from 
the medium of a number of expenments, carefully repeated the same 
day, and, on that account, are most to be depended upon, we may there- 
fore conclude the maxim true 

Maxim 2. — The load at the maaimum is nearly, hit somewhat less than, . 
as the square of the velocity of the wind, the shape and position of 
sails being the same 

This appears by companng together the numbers m column 6, Table II , 
wherein those of Nos 2, 4, and 6 (as the velocity is double) ought to 
be quadruple of those Nos 1, 3, and 5 , instead of which they fall short, 
Ifo 2 by No 4 by tVi No 6 by part of the whole The 
greatest of those deviations is not more considerable than might be im- 
puted to the unavoidable errors m making the expenments but as 
those expenments, as well as those of the greatest load, all deviate the 
same way, and also coincide with some expenments communicated to me 
by Mr Bouse, upon the resistance of planes, I am led to suppose a small 
deviation, whereby the load falls short of the squaies of the velocity , aud 
since the experiments. Nos 3 and 4, are most to be depended upon, we 
must conclude, that when the velocity is double, the load falls short of 
its due proportion by or, for the sake of a round number, by about ^ 
part of the whole 
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Maxim 8 effects of the same sail at a maximum are nearly, bid 

somewhat less than, as the cubes of the velocity of the mnd 

It lias already been proTed, Maxim 1st, that the velocity of sails at the 
maximum, is nearly as the velocity of the wind, and by Maxim 2nd, that 
the load at the maximum is nearly as the square of the same Tielocity • 
if those two maxima would hold precisely, it would be a consequence 
that the effect would be in a triplicate ratio thereof , how this agrees 
With experiment will appear by comparing together the products m 
column 8 of Table II , wherein those of Nos 2, 4, and 6 (the velocity 
of the wind being double), ought to be octuple of those of Nqs 1, S, 
and 5, instead of which they fall short. No 2 by -f, No 4 by and No 
6 by ^ part of the whole Now, if we rely on Nos 3 and 4, as the 
turns of the sails are as the velocity of the wmd , and since the load of 
the maximum falls short of the square of the velocity by about part 
of the whole the product made by the multiplication of the turns into 
the load, must also fall short of the triphcate ratio by about ^ part of 
the whole product 

Maxim 4 ~^e load of the same sails at the maximum is neai ly as the 
squares, and thir effect as the cubes of their number of turns m a given 
time 

This maxim may be esteemed a consequence of the three preceding , 
for if the turns of the sails are as the velocity of the wmd, whatever 
quantities are in any given latio of the velocity of the wmd, will be m 
the same given ratio of the turns of the sails and, therefore, if the 
load at the moamum is as the square, or the effect as the cube of the 
velooify of the wmd, wanting ^ part when the velocity is double , the 
load at the maximum will also be as the square, and the effect as the 
cube of the number of turns of the sails m a given time, wanting, m like 
manner, part when the number of turns are double m the same time 
In the present ease, if we compare the loads at the maximum, column 6, 
With the squares of the number of turns, column 5 of Nos 1 and 2, 5 
and 6, or the products of the same numbers column 8, with the cubes of 
the number of turns, column 5, instead of falling short, as Nos 8 and 4, 
they exceed those ratios , but, as the sets of expenments, Nos 1 and 2 
of 5 and 6, are not to bo esteemed of equal authority with those of Nos 
S and 4, we must not rely upon them further than to observe that in. 
comparing the giose effects of large machines, the direct proportion of the 
209 
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squares and cubes respectively) will hold as near as the effects themselves 
can he ohsened , and, therefore, be sufficient for practical estimation with- 
out any allowance 

Maxim 5 — When sails are loaded, so as to pi oduce a maximum at 
a given velocity, and the velocity of the wind increases, the load continuing 
the same 1st, The increase of effect, when the increase of the velocity of the 
wind IS small, will be neat ly as the squares of those velocities , 2ndly, When 
the velocity of the wind is double, the effects will be nearly as 10 ; 27^ , 
Sut Srdly, When the velocities compared, are more than double of that 
where the given load pioduces a maximum, the effects increase nearly in a 
simple i atio of the velocity of the wind 

It has already been proved, Maxim 1st and 2nd, that when the velocity 
of the wmd is increased, the turns of the sails will morease in the same 
proportion, even when opposed by a load as the square of the velocity , 
and therefore, if wanting, the opposition of an increase of load, as the 
square of the velocity, the turns of the sails will again be increased in a 
simple ratio of the velocity of the wmd, on that account also , that is, 
the load continuing the same, the turns of the sails m a given time will 
be as the square of the velocity of the wmd , and the effect, being, m this 
case, as the turns of the sails, will be as the square of the velocity of the 
wmd also , but this must be understood only of the first mcrements of 
the velocity of the wmd for, 

2ndly, As the sails will never acquire above a given velocity in rela- 
tion to the wmd, though the load was diminished to nothmg, when the 
load continues the same, the more the velocity of the wmd moreases (though 
the effect will continue to increase) yet the more it will fall short of 
the square of the velocity of the wmd , so that when the velocity of 
the wind is double, the increase of effect, instead of being ns 1 J 4, 
according to the squares, it turns out as 10 27 J, as thus appears In 
Table II , column 9, the loads of Nos 2, 4, and 6, are the same as the 
maximum load m column 6 of Nos 1, 3, and 5 The number of turns 
of the sails with those loads, when the velocity of the wmd is double, 
are set down m column 10, and the products of then multiplication in 
column 11 those bemg compared with the products of Nos 1, 8, and 
6, column 8, furnish the ratios set down m column 12, which, at a medi- 
um (due regard bemg had to Nos 3 and 4) will be nearly as 10 ; 27^ 

Zrdly, The load continuing the same, grows more and more mconsider- 
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ablo, respecting the power of the wind as it increases m velocity , so 
that the turns of the sails grow nearer and nearer a 'eomoidencc with their 
turns unloaded , that is, nearer and nearer to the simple ratio of the 
velocity of the wind When the velocity of the wind is double, the 
turns of the sails, when loaded to a maximum, will be double also, but, 
unloaded, will be more than triple, by deduction 2nd and, therefore, the 
product could not have increased beyond the ratio of 10 30 (instead of 
10 ; 27^), even supposing the sails not to have been retarded at all by 
can-ying the maximum, load for half the velocity Hence we see, that when 
the velocity of the wmd exceeds the double of that, wheie a constant load 
produces a maximum, that the inciease of effect, which follows the increase 
of the velocity of the sails, will be nearly as the velocity of the ivind, and 
ultimately in that ratio precisely Hence, also, we see that wind-miUs, 
such as the different species for raising water for drainage, &o , lose Hraoh 
of their full effect, when acting against one invariable opposition 
V —Concerning the effects of satis of different magnitudes, the structure 
and position leina similar, and the velocity of the wind the same 
Maxim 6 — In sails of a similar figure and position, the numler of turns 
tn a given tw^will he reciprocally as the radius or length of the sail 
The extreme bar having the same mchnation to the plane of its motion, 
and to the wind its velocity at a maximum will always be m a given ratio to 
the velocity of the wind , and, therefore, whatever be the radius, the abso- 
lute velocity of the extremity of the sad will be tbe same , and this will 
hold good respectmg any other bar, whose mclination is the same, at a 
proportionable distance from the centre , it therefore follows, that the 
extremity of all similar sails, with the same wind, will have the same 
absolute velocity , and, therefore, take a space of tuna to perform one 
revolntion in proportion to the radius , or, which is the same thmg, the 
number of revolutions m the samo given time, will be reciprocally aS the 
length of the sad 

Maxim 7 — me load at a maximum that sails of a similar figure and 
position will <mrcome, at a given distance from the cent) e of motion, will 
he as the cube of the radius 

Geometry informs us, that in similar figures the surfaces are as the 
squares of then similar sides , of consequence the quantity of cloth will 
be as the squaia of the radios also, m similar figures and positions, 
the impulse of the wind upon every similar section of the cloth, will bo 
204 
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m proportion to the surface of that section , and, consei^uently, the im- 
ptilse of the vfind upon the whole, will be as the surface of the whole 
but as the distance of every similar section, from the oentie of motion, 
will be as the radius , the distance of the centre of power of the whole, 
from the centre of motion, will be as the radius also that is, the lever 
by which the power acts will be as the ladms as, theiefore, the impnlsa 
of the wind, respecting the quantity of cloth, is as the square of the 
radius, and the lever by which it acts, as the ladius simply , it follows, 
that the load which the sails will oveicome, at a given distance from 
centre, will be as the cube of the ladins 

Maxim 8 — The effect of sails of similar figure and position, are as 
square of the radius 

By Maxim 6, it is proved, that the number of revolutions made in a 
given time, are as the radius inveisely Under Maxim 7, it appears, that 
the length of the lever, by which the power acts, is as the radius directly , 
therefore these equal and opposite ratios destioy one another but, as m 
similar fgures the quantity of cloth is as the square of the radius, and 
the action of the wind is in proportion to the quantity of cloth, as also 
appears under Maxim 7, it follows that the effect is as the square of the 
radius 

ConoL 1 — Hence it follows, that augmenting the length of the sail, 
tvithout augmenting the quantity of cloth, does not increase the power , 
because what is gamed by the length of the lever, is lost by the slowness 
of the rotation 

OoROL 2 — If the sails are increased in length, the breadth remaining 
the same, the effect will be as the radius 

VI, — Concerning the velocity of the extremities ofiomd-mill sails, in tes- 
pect to the velocity of the vnnd 

Maxim 9 — The velocity of the extremities of Dutch sails, as well as 
of the enlarged sails, in all their usual positions when unloaded, or 
even loaded, to a maximum, is eonsiderally qmclcei than the velocity of the 
wind 

The Dutch sails unloaded, as m Table I , No 8, made 120 levolutions 
in 52 seconds the diametei of the sails being 3 feet 6 inches, the velo- 
city of their extremities will be 25 4 feet in a second , but the velocity 
of the wind producing it, being 6 feet in the same time, we shall have 
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6; 26 4,;ij42, in this case, therefore, the velocity of then extrem- 
ities was 4 2 times greater than that of the wind In like manner, 
the relative velocity of the wind, to the extremities of the same sails, 
when loaded to a mammum, making then 93 turns in 52 seconds, 
will be found to be as 1 . 3 3 , or 3 3 times quicker than, that of the 
Wind 

The following table contams six examples of Dutch sails, and four 
examples of the enlarged sails, in different positions, but with the con- 
stant velocity of the wind of 6 feet in a second, from Table I , and also 
BIX examples of Dutch sails in different positions, with different velocities 
of the wmd from Table II 

Table III 

Containing the » atio of the vdoaty of the extremities of mnd-mill sails 
to the velocity of the wind 



It appears from the preceding collection of examples, that when the 
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extremities of the D%itch sails aie parallel to the piano of motion, oi at 
right angles to the wind and to the axis, as they are made according to the 
common practice in England, that their velocity, unloaded, is above foiii 
times, and loaded to a maximum, above three times greatei than that of 
the wind but that when the Dutch sails, or enlarged sails, are in their 
best positions, their velocity unloaded is foui times, and loaded to a maxi- 
mum, at a medium, the Dutch sails are 2 7, and the enlaiged sails 2 6 
times greater than the velocity of the wind Hence we are furnished 
with a method of knowing the velocity of the wmd, from observing the 
velocity of the wind-mill sails for, knowing the radius and the nnmbei of 
turns in a mmute, we shall have the velocity of the extiemities, which, 
divided by the following dmsois, will give the velocity of the wind 

Dutch sails m their common position, ^p^aded^*^ 8 3 

Dutch sails in their best position, {loaded*^*^ 2 7 

Enlarged sails in their best position, {l^^ded 2 6 

Fiom the above divisors there arises the following oompendiums 
supposing the radius to be 30 feet, which is the most usual length m 
this country, and the mill to be loaded to a maximum, as is usually the 
case with oom-miUs , foi every 3 turns m a minute, of the Dutch saile m 
tlmr common position, the wind will move at the rate of two miles an hour , 
for every 5 turns m a minute of the Dutch sails in then lest position, the 
wind moves foui miles an hour , and foi eveiy 6 turns m a minute, of the 
enlarged sails in their lest position, the wind will move Jive miles an hour 
The followmg table, which was communicated to mo by my friend, Mr 
Rouse, and which appears to have been constiuoled with gieat care, fiom 
a considerable numbei of facts and expenments, and which, having i ela- 
tion to the subject of this article, I here insert it as he sent it to me , but, 
at the same time, must observe, that the evidence for those numbers 'where 
the velocity of the wmd exceeds 50 miles in an hour, does not seem of 
e^nal authorify with those of 60 miles an honi and undei, It is also to 
be observed, that the numbers in column S, nie ealoulated according to the 
square of the velocity of the wind, which, in moderate velocities, from 
what has been before observed, will hold very nearly, 
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Tablih IV 

Containing the velocity and fence of wind, aecoidmg to then common 
apypllations 


TBLOOITY or THB 


Hafdly poroopfablo 
I Jofit perceptible 
I Gentle pleasant wmcl 
I Pleasant brisk gale 
I Very bnsk 
I High winds 


CO 


100 


68 68 
OG 01 
73 36 


|ll7SG 
i 146-70 


7 873 
9 963 
12 800 
17 716 
81 490 
49 200 


12 3 


Veiy high 
A storm or tempest 
A gitat storm 
A hmrieane. 

A hnmeane that tears up trees, comes baulflings before 
lt,&c 


YU — Concerning the absolute effect produced by a given velocity of the 
wind upon satis of a given magnitude and construction 

It has been obseired by practitioners, that, in mills with Dutoh sails 
in the common position, when they make about 13 tnrns in a minute, 
they then woik at a mean rate that is, by the oompendmms m the last 
aitiole, when the velocity of the wind is 8f miles an hour, or 12 1 feet 
in a second , which, m common phrase, would be called a fresh gale 
The experiments set down in Table II, No 4, were tried with a wind, 
whoso velocity was 8-f feet m a second, con3C(juently, hid those cipeii- 
ments been tried with a wind whose velocity was 12| feet m a second, 
the effect, by Maxim 3id, would hare been 3 times gieater because the 
cube of 12-, IS 3 times gieatei than tint of S| 

Fioin Table II, No 4, we find that the sails, when tlie velocity of 
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the wind was 8| feet in a second, made 130 revolutions m a minute, 
With a load of 17 52 Bis From the measures of the machine piecedmg 
the specimen of a set of expeiiments, we find, that twenty i evolutions 
of the sails raised the scale and weight 11 3 mches 130 revolutions 
will theiefoie laise the scale 73 45 inches, which, multiplied by 17 52 lbs , 
makes a product of 1287, foi the eflfeot of the Dutch sails in their best 
position , that is, when the velocity of the wind is 8| feet m a second 
this product, theiefore, multiplied by three, will give 3861 for the effect 
of the same sails, when the velocity of the wind is 12-| feet in a second 
Desaguliers makes the utmost power of a man, when woiking so as to 
be able to hold it for some hours, to be equal to that of raising a hogs- 
head of water 10 feet high in a minute Now, a hogshead, consisting of 
63 ale gallons, being leduced into pounds avoiidupois, and the height into 
mches , the product made by multiplying those two numbers will be 
76,800, which is 10 times greater than the pioduot of the sails last 
mentioned, at 12^ feet in a second therefoie, by Maxim 8th, if we mul- 
tiply the square root of 19, that is 4 46, by 21 mches, the length of the 
sail prodnomg the effect 8861, we shall have 98 66 mches, or 7 feet 9f 
inches for the ladius of a Dutch sail m its best position, whose mean 
power shall be equal to that of a man but if they aie in their common 
position, their length must be increased m the ratio of the square root 
of 442 to that of 689, as thus appears 

The ratio of the maximum products of Nos 8 and 11, Table I , are as 
442 ; 639 but, by Maxim 8, the effects of sails of different ladii are as 
the square of the ladu , consequently, the square roots of the pioducts 
or effects, are as the radii simply and, theiefoie, as the square root of 
442 is to that of 639, so is 93 66 to 112 66 , or 9 feet 4f inches 
If the sails are of the enlarged land, then, from Table 1 , Nos 11 and 
15, we shall have the square root of 820 to that of 639 98 66 I 82 8 

inches, or C feet 10| inches so that, in round numbers, we shall have 
the radius of a sail, of a similar fignie to then lespective models, whose 
mean power shall be equal to that of a man 

The Dutch sails in then common position, QJ feet 

The Diitch sails m their best position, * 8 „ 

The enlarged sails in then best position, 7 „ 

Suppose, now, the radius of a sail to be 30 feet, and to be construoted 
upon the model of the enlaigcd saals, No 14 oi 15, Table L, dividing 
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so by 7, wo shall have 4 28, the square of which is 18 8, and this, ac- 
cording to Maxim 7, will be the relative powei of a sail of 30 feet to one 
of 7 feet, that is, when working at a mean late, the 30 feet sail will be 
equal to the powei of 18 3 men, oi of 3f hoises, reckoning 5 men to a 
hoise whereas the effect of the common Dutch sails, of the same length, 
being less in the piopoition of 820 442, will be soaioe equal to the 
powei of 10 men, or of 2 hoises 

That these computations are not merely speculative, but will neaily 
hold good when applied to works m large, I have had an opportunity 
of verifying for, m a mill with the enlarged sails of 30 feet, applied to 
the orushmg of lape-seed, by means of two runners upon the edge, for 
making oil, I observed, that when the sails made 11 turns in a minute, 
in which case the velocity of the wind was about 18 feet m a second, 
according to Article VI , that the runners then made 7 turns in a 
minute whereas 2 horses, applied to the same two runners, scarcely 
worked them at the rate of turns m the same time Lastly, with 
regard to the real superiority of the enlaiged sails above the Dutch sails 
as commonly made, it has sufficiently appeared, not only in those oases 
where they have been applied to new mills, but where they have been 
substituted in the place of the others 

VIII — Concerning horizontal Wind-milk and Water-wheels with ob- 
lique vanee 

Obseivations upon the effects of common wmd- mills, with oblique 
vanes, bare led many to imagine that, could the vanos be brought to 
receive the direct impulse, like a ship sailing before the wind, it would 
be a veiy great improvement m point of power , while others, attending 
to the extraordinary and even unexpected effects of oblique vanes, have 
been led to imagine that oblique vanes applied to water-mills, would as 
much exceed the common water-wheels, as the vertical wmd-mills are 
found to have exceeded all attempts towards a horizonfal one Both 
these notions, but especially the first. Lave so plausible an appeaianoe, 
that of late years there have seldom been wantmg those who have assid- 
uously employed themselves to bring to beai designs of this kind , it 
may not, therefoie, be unacceptable to endeavoui to set this matter in a 
clear light 

Fig 2 of Plato Lot AB be the section of a plane, upon which lot the 
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Wind blow in the direction CD, with such a velocity as to describe a 
given space BE, in a given time (suppose one second), and let AB be 
moved paiallel to itself, in the direction CD Now, if the plane AB 
moves with the same velocity as the wind , that is, if the point B moves 
thiough the space BE in the same time that a paiticlo of air would move 
through the same space , it is plain that, m this case, there can be no 
pressure or impulse of the vnnd upon the plane but if the plane moves 
slowei than the wind, m the same direction, so that the point B may 
move to P, while a paiticle of air, setting out from B at the same instant, 
Vfould move to E, then BP will express the velocity of the plane , and 
the lelative velocity of the wind and plane will be expressed by the Ime 
PE Let the ratio of PE to BE be given (suppose 2 ; S), let the line 
AB represent the impulse of the wmd upon the plane AB, when acting 
with its whole velocity BE , but, when acting with its relative velocity 
FE, let its impulse be denoted by some aliquot part of AB, as, for in- 
stance, f AB then will | of the parallelogram AP repiesent the me- 
chanical power of the plane , that is, f AB x -I BE 

^ndhj Let IN be the section of a plane, mclmed m such a manner, 
that the base IK of the rectangled tiiangle IKN may be equal to AB , 
and the perpendicular NK = BE , let the plane IN be stiuok by the 
wind, in the dneotion LM, perpendiculai to IK, then, according to the 
known rules of oblique foices, the impulse of the wind upon the plane 
IN tending to move it according to the direction LM, or NK, will bo 
denoted by the base IK, and that part of the impulse, tending to move 
it accordmg to the direction IK, will be expiessed by the perpendicular 
NK Let the plane IN be moveable in the direction of IK only , that 
IS, the point I m the direction of IK, and the point N m the duection 
NQ, parallel thereto Now, it is evident, that if the point I moves 
thiough the lino IK, while a particle of air, setting forwards at the same 
time fiom the point N, moves through the line NK, they will both arrive 
at the point K at the same lime , and, consequently, m this case also, 
there can be no pressure oi impulse of the particle of the air upon the 
plane IN Now, let 10 be to IK as BP to BE, and let the plane IN 
move at such a rate, that the point I may ainve at 0, and acquire the 
position IQ, in the same time that a particle of wind would move 
through the space NK as OjQ is paiallel to IN , (by the properties of 
sumlar tnangles) it will cut NK in the point P, m such a maiuior, 
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that NP = BP, and PK = PE , honco, it appears that the plane IN, 
by aoqmimg the position OQ, withdraws itself fiom the action of the 
wind, by the same space NP, that the plane AB does by acquiring the 
position FG , and, consequently, fiom the equality of PK to PE, the 
relative impulse of the wind PK, upon the plane OQ, will be equal to 
the relative impulse of the wind PE upon the plane FG and since the 
impulse of the wind upon AB, with the relative velocity PE, in the 
diiection BE, is lepresented by AB , the relative impulse of the wind 
upon the plane IN, in the diieotion NK, will, in like mannei, be ropie- 
sented by IK, and the impulse of the wind upon the plane IN, with 
the relative velocity PK, in the diiection IK, will be represented by 
NK , and, consequently, the mechanical power of the plane IN, in the 
direction IK, will be | the parallelogi am IQ that is ^ IK X t NK 
that IS, from the equality of IK = AB and NK = BE, we shall have 
1 IQ = t AB X I- BE = -S AB X -I BE s= -I of the aiea of the paral- 
lelogram AP Hence we deduce this 

Gbnbeal Peoposition 

That all planer, however situated, that intercept the same section of the 
wind, and having the same telative velocity, in regaid to the wind, when 
reduced into the same direction, have equal poweis to pi oduoe mechanical 
effects 

For what is lost by the obliquity of the impulse is gamed by the velo- 
city of the motion 

Hence, ib appears that an oblique sad is under no disadvantage in res- 
pect of power, compared with a direct one , except what aiises fiom a 
diminution of its breadth, in respect to the section of the wind the 
breadth IN being by obliquity reduced to IK 

The disadvantage of horizontal wmd-mills, therefore, does not consist 
m this, that each sad, whan directly opposed to the wind, is capable of a 
less power than an obhqne one of the same dimensions , but that, in a 
horizontal wmd-mill, little more than one sad can be acting at once , 
whereas, in the common wmd-mill all the four act together and there- 
foie, supposing each vane of a hoiizonlal wind-mill, of the same dimen- 
sions as each vane of the veitical, it is manifest the power of a vertical 
mill with foiii sails will be fom times gieatei than the powci of the hoii- 
aontal one, let its number of vauos ho what it will tins disadvantage 
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aiises from the nature of the thing but if wo consider the further dia- 
adrantage, that aiises fiom the difficulty of getting the sails back ogam 
against the wind, &c , we need not wondei if this kind of mill is, in le- 
ality, found to have not above | oi of the power of the common soit , 
as has appeared in some attempts of this kind 

In like manner, as little impiovement is to bo expected from water- 
mills with oblique vanes , for the powei of the same section of a stieam 
of water is not gieatei when actmg upon an oblique vane than when 
acting upon a diiect one and any advantage that can be made by inter- 
cepting a greater section, which sometimes may be done in the case of an 
open river, will be countei balanced by the superior resistance that such 
vanes would meet with by moving at light angles to the curient wheieas 
the common floats always move with the watei neaily in the same direction 
Here it may leasonably be asked, that since our geometiioal demon- 
stration IS general, and proves that one angle of obliquity is as good as 
another, why in oui oxpeiiments it appears that there is a certain angle 
which IS to be preferred to all the rest ? It is to be observed, that if 
the bieadth of the sail IN is given, the gieatei the angle KIN, and the 
less will be the base IK that is, the section of wmd mteiseoted, will be 
less on the othei hand, the more acute the angle KIN, the less will be 
the perpendicular KN that la, the impulse of the wind, in the direction 
IK, being less, and the velocity of the sail greater, the resistance of 
the medium will be greater also Hence, therefore, as there is a dimi- 
nution of the section of the wmd inteicepted on one hand, and an increase 
of resistance on the other, there is some angle wheie the disadvantage 
ansing from these causes, upon the whole, is the least of all , but os the 
disadvantage arising from resistance is more of a physical than goometrio- 
al consideration, the true angle will best be assigned by expenment 

SOEOLIUU 

In trying the experiments contained m Tables I and II , the different 
specific gravity of the aii, which is undoubtedly different at different 
times, will cause a difference in the load, proportional to the difference of 
its specific gravity, though its velocity lemams the same , and a vanation 
of specific gravity may arise not only fiom a vanation of the weight 
of the whole column, but also by the difference of heat of the air oonoem- 
ed in the experiment, and possibly of other causes , yet the irregularities 
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that might arise from a difference of specific gravity were thought to he too 
small to be perceivable, till aftei the principal evpeiiments wore made, 
and their effects compared , fiom which, as well as succeeding experiments, 
those vaiiations were found to be capable of produemg a sensible, though 
no voiy considerable, effect , however, as all the experiments were tried in 
the summer season, m the day time, and under cover, we may suppose that 
the pimcipal source of eiror would arise fiom the different weight of the 
column of the atmosphere at diffeient times , but as this seldom vanes 
above ^ part of the whole, we may conclude, that though many of the 
iiiegulaiities contamed in the experiments referied to in the foregoing 
essay might anse from this cause, yet, as all the piiucipal conclusions are 
drawn from the medium of a considerable number, many wheieof were 
made at different times, it is presumed that they will neaily agiee with the 
truth, and bo altogethei sufficient foi legulatmg the practical construction 
of those kmdof machines, for which use they were piinoipally intended, 
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WATER SUPPLY FOR THE CITY OP JEYPORE 

[T«<fa Elates I -III] 

By Major S S Jacob, BSC, Exec Engineer, Jeypore State 


The town of Joypore is situated m a small valley surrounded by lulls 
on the north, the noith-wost and the east, and is open only towards the 
west and south-west The city walls stretch from hill to hill across the 
open face and enclose the city 

The city was founded a d 1718 by Maharajah Sewaie Jey Singh, 
whose Encycloptedia of Hindoo Theology, Mathematical Tables, and Ob- 
servatories at Delhi, Benares, Oojein and Jeypore prove him to have been 
a man of great attainir mts During the gieatei portion of his life, how- 
ever, he was engaged in active warfare, and it was no doubt the strong 
defensible position, which the sunounding hills give the present city of 
Jeypore, as well as its proximity to Amber, the old capital of the State, 
which induced Maharajah Sewaie Jey Singh to found the modern city 
where it now is 

There is a small stream called the Amam Shah which nsea m the hills 
north of the city, and flows past about 1-^ miles west of the city The 
soil through which it passes is soft sand Fiom traces of an excavated 
channel, which still exist, it is evident that foimerly the bed of this stream 
was about 25 feet below the surface, and that it was at one time diverted 
towards the city, probably by an earthen bund annually constructed, as 
IS done every yeai on this stream a few miles further down, where the 
banks are sufficiently low to admit of the water being taken away. 
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This perhaps may have influenced Mahainjah Sowaie Jey Smgh also, 
ns to the site of his new city , he this as it may, at piesent theie aie 
only 49 wells of sweet water in the city out of about 827 , and the Amani 
Shah now inns between banks of sand 50 feet deep, which make it 
impossible to divert the watei towards the city, as wo imagine it used to 
be diveitcd formerly 

It IS not probable that such a man as Maharajah Sewaie Jey Singh 
would have founded Jeypore in such a position had any difhciilties le- 
garding water supply then existed 

Tradition, however, states that some attempt was once made about Jey 
Singh s time to bung water fiom the rivoi Bandi, which urns about 20 
miles west of Jeypore, and the remains of a masoniy dam m the bed of 
this river, and tiaces of a bank and excavation here and there aoioss the 
conntiy, tend to confirm these loports, the attempt, howovei, appears to 
have been unsuccessful 

It IS possible that failing to bring any water neioss the Amani Shall, 
an attempt was made to diveitit into a jhil about 6 miles north of Jey- 
pore, known as Bhao Sagar or Akhora Talao An excavated channel for 
about a mile in length and 60 foot wide shows some such attempt was 
once made Wo have taken advantage of this to inoiease the water 
supply to Bhao Sagar, by connecting this cut with the hills adjacent, 
this, however, is no part of the city water supply, and is purely for 
ungation 

Anothei attempt was made to supply the city about 85 years ago with 
water from the Amam Shah A largo masonry dam (remains shown in 
Plati I ) about 60 feet high and 300 feet long with massive apion m 
steps, was built across the nalloh to impound the floods, and a masom^ 
duct m section 3' X 2' piovided with upiight masomy air shafts at every 
400 feet was constructed for a length of 8 miles to the city, where open 
reservoirs m the city squares were made to receive the water. 

The difference of level between the dam and the city was so little, that 
it was necessary to take off the duet at the top of the dam, and owing to 
high ground between the dam and the city, it was necessary to make the 
duct take a wide detoui to the south before it reaohed the city Even 
then the ducts entered the service loservoiis at the bottom. 

The dam was founded on wells, and appears to have been built of first 
rate masonry Bathing ghats weia built on the banks of the nallah 
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at each end of the dam on tho up-stream side, and wells for iingation 
WGie made along the banks of what, it was intended should be, a grand 
stoiage leseiYoii 

It took some seasons to fill up, but eventually it is stated the water 
did reaeh the level of the duct to the city, though only foi a shoit time 

Water was, howevei, soon seen to spurt out at one side of tho dam, 
the jet became a torrent, the west half of the dam was oained away, and 
by evening theio was nothing left, aftei an expenditure pf about 4^ lakhs 
rupees, but a gigantic nun and an empty nallah, the bed of which was 
many foot below what it was befoie the dam was made 

The Maharajah himself, then a mmoi, was an eye-witness of the ca- 
tastrophe, and desciibes it as “the most giand and most expensive 
taniaslia" ha has ever seen 

The project was obviously badly devised m many ways, but the chief 
cause of failure was that the wings were insufficiently run into the banks, 
and the watei got loimd them 

No attempt was made after this to supply the city with water until 
the present piojeot was undertaken, which has been successful, and forms 
the subject of this papa 

It was not an easy matter to decide what comse to follow 

If it were possible to get a good large drainage aiea ensuring certain- 
ty of supply, and a good site for impounding the necessary amount of 
water at a moderate cost, there would bo no question as to the advantages 
of such a project for supplymg watei , and if the city of Jeypore had been 
any where else in tho State, some project of this sort might perhaps have 
been adopted, but the hiUs near Jeypore have no gathering ground, and 
theie are no rivers near enough to the north of Jeypore, the only direc- 
tion fiom which the levels would admit of water being brought by natur- 
al fall to the city 

The Bandi river was caiofully examined 

The highest point that at begins to appear as a porenmal stioam is near 
Tantiawas , the supply is very scanty, and even here after making n weir 
lowest high which would be yeiy expensive, the levels would only admit 
of a fall of 1^0 inches in the mile, the distance would be about 20 miles, 
the Amam Skah would have to be crossed by an expensive aqueduct, and 
tbo water ?ven then would not bo under pressure, and might m dry years 
fail altogether. ^ 
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Any attempt to take water at a point highei np tlie river Bandi 
would necessitate the construction of a large reseivoir, for winch no good 
Bite existSj and which, even if there was a site, would bo dependent upon 
the unoertam and scanty lainfall of these parts, and would require about 
30 miles of duct to lead it off 

For these reasons the idea of using the Bandi as a means of supply 
was abandoned 

A suggestion was made to utilise the water in Bhao Sagar, alluded to 
above as a natural jhil, about 6 miles noith of Jeypore, but the objections 
to this are that the water is veiy shallow and not good, the supply to it 
IS not oertam, and m two or three years the leservoii might fail, and there 
IS no means of mcroasing the supply, also that the cost of takmg a duct 
in contoui through and round the hills and then filtenng the water, would, 
considering the uncertainty, be a fatal objection to it 

Another suggestion was to sink a senes of wells, connect them alto- 
gether by duets below the water level, aud theu to lead the water to the 
city or pump it up The former, I believe, is the system adopted in 
Afghanistan or other countries, and may answer where the levels admit, 
and where the supply is plentiful and certain and soil good, but here not 
one of these conditions are to be had, and as to pumpmg up, it is better 
to go to the Amarn Shah nallah bed, where the Supply is certain and water 
excellent, than to make any attempt at sinking wells elsewhere 

It seems to me, therefore, that the Amani Shah is really the only source 
on which we can depend, and it only remains to show how this has been 
taken advantage of 

The following is the report of the Government Analyst at Calcutta, 
upon this water — 


Total solid matter in solution, 

Lime (CAO), 

Magnesia (MGO), 

Sulphuric Acid (SOZ), 

Chlonno (equal to Sodium Chlondo 2 3), 
Hardness natural, . , 

„ after boiling 16 minutes, 

Free and Albuminoid Ammonia, • 

Nitrates, , 


“ This water is of excellent quality, sufiSoiently soft for all domestic pur- 
poses, and not containing more albuminoid ammonia than some of our 
best drinking water,” 
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The Amani Shah rises in the hills immediately to the noith of Jeypore 
For the fiist 3 miles the bed is dry except m floods , after this it seems to 
tap the 'water-bearmg strata around, and becomes a perennial stream 
In the hot season its volume is only about two cubic feet per second 
At one time its bed was evidently much higher than it now is This 
IS shown by the plate lux here and there along the banks, which are now 
several feet above the piesent bed of the nver, and also by the cuts 
showing where it was at one time possible to take off water 

The great slope in the bed of the river, 16 feet per mile, has caused 
a velocity in the flood which this friable soil cannot stand, and this low- 
ering of the bed will no doubt go on until it gets to its normal slope, or 
finds a ledge of lock which will prevent it cutting back any more I 
have la one day seen the bed of this stieam loweied 12 feet by the 
breaking of a kutcha bund 2 or 3 miles up-stream It has affected 
all the wells near, the level of the water in these has been reduced 10 
01 16 feet m the last 10 years 

The problem was what to do with a nallah of this sort, to bund it up, 
or to tap it, or to raise water from it 

A kutcha bund, about 50 feet high, was made in the bed of the nallah 
at the foot of the hills as an experiment It is there now, and fills up 
sometime 80 feet or so, but dries up in a few weeks It was, therofeie, 
not considered advisable to attempt anything of this sort for the supply 
of the city 

As rogaids tapping the stream, it was suggested that it might be pos- 
sible to run a tunnel from the bed of the stream direct to the city, and 
take the water off m that way The objections to this were — 

(1) The expense and trouble of making a tunnel through the high 

ground between the nallah and the city The height m many 
places being over 100 feet of loose sand, and the distance 
about 1 J miles 

(2) The water could only bo brought to the lowest parts of the city 

and would not bo under pressure, and if the iivoi dried at all, 
or the level of the springs in it alteied, the duct would be left 
high and dry, and the expense and project would be useless 
Therefore the only soheme that seemed to piomise success was to raise 
the water from the rivei, and it letnamed to decide where and how 
It might be inteiesting to mention that when the Eajputana State 
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Railway Engmoers were preparing the plans foi taking the bne aoioss this 
nnllttli, a suggestion was made to them to make a huge earthen bund across 
tlio nallah, and to take the railway and carnage road also over on the 
top of it It might have been veiy easily done by taking soil m wagons 
from the up-stream side on each bank, and tilting them Qver at the site 
of the band, and it could with energy have been done in one season 
Theie would have been a sort of reseivou foimed on the up-stream 
side, which would have been useful in raising the level of the springs in 
the neighbourhood, and it might have saved us perhaps having to laisethe 
watei so high for the oity as we now have to do The cost would have been 
less than half what has been spent upon the expensive non bndge which has 
boon erected, and which is of no use except foi the railway Tlie Railway 
Engineers, however, did not approve ot this suggestion I believe they 
feared the want of a propoi waste-weir m such sandy soil, but I still 
maintain that these difSoulties could have been provided foi 
It was then decided to laiso watei from the nvei at the site of the 
old broken masonry dam, because there was oeitainty heia of a perennial 
supply, it Was the nearest pomt m a direct line to the city, and the ma- 
tonals and buildings which were at tho site would be of use m any new 
works constructed here 

An ament (see Plate I ) was thiown across the bod of the nallah from 
the broken dam to the opposite side This was a masonry wall 6 feet 
high, 3 feet thick, founded on rectangular wells of masomy 9' x 5' sunk 
C feet deep with intervals of 6 inoheb between them to prevent them 
jamming against each othei while being sunk 

It is furmshed with a sluice to admit of clearing out the bed when 
necessary, and it has been raised 2 feet to increase the supply of water 
On tho down-sti earn side, broken material from the old dam and rubble 
wore spread to foim an apion of 1 m 12, leaohing to within 2 feet of the 
top of the Weir, wheio the water falls, it is fiirthei stiengthened by a 
pavement of dry schistose slabs each about 12 feet long These bieak 
the first fall of the water They are all connected together by |-inch 
irpii ohaia which passes thiough them all, and is secured to the wing- 
walls at each end 

The object of this wen is to pievent the bed of the river cutting any 
lowoi hero, aud to keep the pumps well supplied It also serves to turn, 
tho water an to the filter beds until these aie filled, when it acts as 
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tlia escape for any snrplus water which is not lotpiired foi the filter 
It serves also to give a 9 feet head to an hydraulic ram which is fitted 
heie, and is used to supply the ice machines day and night 

The unceitainty of the working of wmd-mills, as well as the size that 
would bo necessary to pioduoo the leipuued power, made it advisable 
to airange for steam power only 

The pumping house is 60' x 38', and is fitted with two pairs of H 
H P horizontal expansive steam engines, 12 inch cylinders, 24 inch 
stroke, of bright finished non- work 

The pail fiist received were non-oondensing, the other is condensing 
The effect of condensing is shown by the gauge as 13 lbs per square 
inch, which repiesents on the piston an assisting force of 113 inches 
area x 13 = 1,469 lbs Each pan is furnished with two sets of 9^ inch 
three throw plunge pumps, capable of throwing 36,000 gallons an hour, 
with gun-metal double beat valves, suction and delivery pipes, sluice 
valves, &o , connected to a wrought-iron air vessel 8 feet diameter 10 
feet high , wiought-iron ciank shafts 5;^ mches diameter, with plummor 
blocks and gun-metal beaimgs and coupling boxes for disoonnecting 
either engine There is a fly wheal 12 feet diameter, weighing 5 tons , 
this was in throe pieces for oonvomences of transit 

One pair only is usually woiked, the othei is always in reserve m 
case of any bieak down or extra supply being necessary An air pump 
IS fitted to the crank shaft, which can be used when neoessaiy to keep 
the air vessel well supplied 

An indicator is also fitted to the crank shaft, which shows the number 
of revolutions made, and assists in checking the water pumped and fuel 
which ought to be consumed 

It would have been easy to have put up pumps capable of throwing 
a larger amoimt of water^ but they would have increased the cost, and 
might have been nnnecessaiy after all , the pioject is only intended to 
afford a supply of pme water for drinking oi cooking purposes Thera 
are plenty of wells m the city with water good enough to servo for 
othei pniposes, and by working all the pnmpS together oi moie often, 
the quantity now supplied, can pull be increased 

T1i 6 engines were supplied in the fiist instance with two egg-ended 
high pressure boilers 16 feet long 4^ feet diameter, but wo have since a- 
dopted boilers of the Root’s type 
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Those are considered more safe and economical Theie is safety fiom 
any seiions explosion, as the watei and steam is subdivided in small 
YVi ought-lion tubes tested to 500 lbs persquaieinch Bachtubois 5 inches 
diameter and ^inch thick (equivalent in strength to 24 inch tubes |-incli 
thick) They aie lap-vrolded and not rivetted Each tube is allowed to 
contiact and expand freely, and is quite independent of the sunonnding 
tubes, they are exposed to a more uniform heat throughout the entire 
length Any part of the boiler can be lifted by three or foui men, 
and this greatly facilitates carnage up country 

The tubes are inclined so that should water be mingled with the 
steam it is thrown dowuwaid to the back of the boiler, and by the con- 
neotmg caps is conveyed to the lower tier of tubes Should any tube 
give way it can bo easily withdrawn, and a spare tube put in its place 
If the tubes get coated with soot they are easily cleaned by means of 
a steam biush, a rubbei hose with iron nozzle is inserted and a jet of 
steam acts as a powerful scrubber 

In each flue there is a feed-water heatei between the boiler and the 
ohminey, which laises the temperature of the watei consideiahly before 
it is admitted to the boiler 

The flue, sectional area 20 square feet, is taken up the bank, to the 
chimney which is erected at the top , total height about 72 feet 
The coals are stacked on the top of the old masonry dam, and are dis- 
charged through a shoot close to the boilers below 
Next to the boilei house is the ice factory 53' X 80', in which are 
two of Siehe and West’s one-ton ether ice machmes We have made 
arrangements also which admit of these ice machines being worked by 
shafting from the watei engines when these are at work , which saves 
ftisl 

Steam can be supplied to work these, either from the Boot’s boilers 
m the boilei house, when these are under steam, oi it can ha supplied 
by a small independent boilei at one end of the ice house 
The slabs of ice aie 5' x 3' m aioa and about 2 inches thick They 
can he out up to fit any size box by an ingenious contuvance made by Mi 
John Baker, the Engineer in chaige Triangulai shaped coppei pipes aie 
placed on a table with the apex uppeimost at stated distances apart 
The slab of ice is laid horizontally on these, and is pushed two or tliiee 
times to and fro, while a jet of steam is sent tlnough the copper tubes , 
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m about 10 seconds the slab is sufficiently out at the loijuired [loints 
to make division of it easy 

While the pumps are working it is easy to keep a current of water 
playing ovei the lefugeratoi of the ice machine, but at times in the mid- 
dle of the day in the hot weathei, the tempeiatnie of the watei pumpel 
up fi om the river bed is 94°, and as ethei boils at about this tempera- 
ture, it becomes necessaiy to draw watei by a small donkey pump 
fiom the bottom of a coveied-in well sunk in the bed of the iivei about 
20 feet 

When the temperatuie admits, watei is pumped up by a small hydrau- 
lic ram placed just below the anicut at the foot of the apion 
The inlet pipe is at the top of the auicut 7 inches m diameter 
The outlet from the lam is 2 mches, and it forces a jet of about 26 
gallons per minute into the ico house, a height of about 22 feet, day and 
night of its own accoid, after being once set going 

The filtei is situated in the bed of the iiver south of the old masonry 
broken dam, which piotects it from floods It is fed by an open ma- 
sonry duct fiom the ament, and as soon as 1 foot 9 inches m depth of 
watei has passed into it, the level of the watei Is then flush with the lop 
of the amoiit, which selves as a waste-wen, and prevents the filtei over- 
flowing 

The area {see Plate II ) is 160' X 80', depth 5 feet 3 mohos, is made 
up as follows — 


Watei, . . .,10 

Fine sand, . 2 0 

Comae sand, bijn, . 0 G 

Broken s'^one ^ to li gaugo, 0 C 

Covenng slabs to diom, 0 2 

Height of drain, • 0 4 


Total, 6 3 

There is a slight slope towaida the centre fiom both ends, so that tho 
water after passing through the filteiing stiata luns to the centio, and 
from there passes into a small covered tank, fiom which it is drawn by 
the pumps m the engine house 

When the filter has been emptied, air will accumulate in the 4 inch 
hollow spaces on the flooi, and to give this an means of escaping, small 
tubes are mseited at the highei ends, and rise above the high watei mark 

The area of the filtei is made laige enough to allow of snffioient 
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watar passing through at the rate of 6 mchos in an hour to hoop the pump'! 
well Buppliacl 

The supply can be shut off at any time, and a valre communioating 
with the bod of the iiver allows all the water from the filtered watei 
tank to escape when it is desiied to empty the filter completely 

The drains or hollow spaces on the flooi in oni case have been covered 
with slabs, so as to make a soit of false flooi, upon which the broken 
stones aio placed Expeiienco has proved that these slabs shonld fit as 
close together as diy bucks, and should be let into the wall all lonnd, or 
sand may finn its way in thiough the openings or down the faces of the 
Side walls 

Whenever it is regmred to clean the filter, all that is necessary is t6 
allow it to stand quite empty foi a day, and then lemova the upper inch 
or so of mud fiom the suiface The sand can be renewed whenever it is 
neoessary 

At first it was intended to moke coveted tanks in the bed of the river, 
leaving a thick bonk between them and the river, and to make this serve 
as a filtei, but the plan which has been adopted was found to be the best 
and least expensive, and has the great advantage that the filter can at 
any time be cleaned 

By a simple anangement of valves below the pumps, it is possible to 
draw the supply all from the filter, or all direct fiom the iiver as may 
be desired 

If the filtoi could have been put immediately below the seTvice resei- 
Toirs, the filtered water could have been passed at once into the service 
mams, but this would have reduced the head more than was desirable 

The seivice reservoirs (Plctlc No II , oi Index Map Plate No I ), 
two m number, are placed on the highest ground in the neighbomhood, 
distant from the pumps about 2,000 feet 

The bottom is 108 feet above the pumps, and Sfi feet above the pave- 
ment m the city squaies They aic each {see Sheet 11 ) 150 x 100 at the 
bottom, 15 feef deep, contaimug each 236,385 cubic feet = 147,740,625 
gallons, and can bo filled m 48 hours by one pair of pumps 

The wntei is biought by a 9 mch mam from the pumps to the top 
and 18 admitted by a 3-way valve to either leservoir, and falling through 
the air into the tank has no doubt a beneficial effect upon the wnter 
breaking and neiatmg it to soma extent 
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The outlet to the city is by a 12 inch soiew valpo fitted with gauzo 
wire stiameis 

When it is required to clean out these reserpous, the mam to the 
city is closed, and a small branch is opened through which the waste 
water and dnt is passed off 

An upright tube, 1 inch diameter, is inserted at the highest point near 
the head of the main to allow the escape, when the pipes are being filled, 
of any air which may have accumulated in the mam when it was empty 

It is intended eventually to roof in these service reservoiis, as water 
should not be allowed to see the light after it has been filtered until it is 
diawn foi use A water level indicator with a double dial with floats 
( Plate No II ) has been placed on the division wall between the two reser- 
voirs, which enables the Engineei from his quaiters to see the depth of 
watei in each loseivoir , one reservoir is always m use while the othei is 
being filled 

A 12 inch mam takes the water to the city, whoie it is distributed 
by pipes of smaller dimensions to the palace, several streets and the 
public gaidens and hospital A pipe of smaller diandetei would have 
been sufficient for ordmary requirements, but there are bathing tanks in 
the palace which have sometimes to be filled, and if a smaller mam had 
been adopted, it might have interfered with the supply elsewhere when 
these tanks were being filled 

To enable the mams m the city to be scoured out, scouring valves are 
fixed at the lowest points on the hue of pipe, oi where theie are means 
of passmg off the discharge, and those are opened about once a week, and 
are allowed to lun for a few minutes All pipes fiom 3 inches and upwaids 
are of cast-iion dipped in Dr Angus Smith’s solution, and all below 3 
inches of wrought-iron galvanised 

Poi distiibution the following airangements have been made Theie 
18 a stop valve for each street, so that at any time it can be shut off 
Stand posts have been erected at the corners of all the streets which in- 
terseot the mam Ime of pipes, these are placed at such a distance apart 
from the mam (generally about 20 feet) as to allow of a stop valve bemg 
placed on the branch, so that the water may be shut off at any time from 
the stand post 

Self-closmg ball stand posts woio first tried, and for filling ghunaU 
answer well^ but are not suitable for dnnkmg purposes, too much water 
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comes out, and xt splashes the dnnker The same ohjeotion applies to the 
Kennedy Pillai, also self-closing 

Anotbei sort was also tried, the water fiom which issues when the 
brass stud is pressed down, and this answeis for drinking as well as foi 
filling vessels, but the objection is that the spiing below the stud often 
requires repan 

The stand post which appears to answer best is shown in Ficj 1 , Plate III 
It IB a 4-way post, two taps ^-mch arefoi filhng vessels, and two small 
^inoh are for dunking purposes The latter is fuimshed with a diaphragm 
with a small hole in the centie, which allows just enough watei to escape 
for a man to dunk The cost of this at Jeypore is Es 85-0-0 The stone 
step at the base is convenient, it allows one foot to be laised so that the 
watoi vessel while being filled can be lested on the knee 

As natives generally dunk with the nght hand to the mouth, and the 
loft to keep their clothes clear fiom the waste oi any splashing from 
the water even, about which they aie veiy paiticulai, it is advisable to 
have some plan which, aftei the watei has been turned on, leaves the 
hands free for these purposes, and Fig 2 shows a simple ariangement 
which meets all requirements 

The tap is a simple -i-inoh screw, down bib cook, and the basm below 
catches all the waste 

In England these bib cooks, from carelessness or mischief, would no 
doubt bo continually allowed to flow and waste water, but I have never seen 
an instance of this soit in Jeypore yet 
For bhistees a 1 inch or 1-^ inch bib cock with screwed end enables a 
piece of leather or rubber hose, about 10 feet long, to be attached, this 
enables camel or bullock pac7 ah to be easily filled, and bhistees also to 
fill then mussacls without tiouble 

A cut stone pavement is placed round each stand post, and the waste 
water inns off into small drinking tioughs for cattle 

"Wheie especnl arrangements arc desiied, as foi stables oi cattle sheds, 
a trough is made, and is supplied with an oidmaiy copper ball valve As 
cattle dunk it allows jnst that amount to be leplemshed, and when the 
tiongh IS full IS self-acting and shuts off the supply , all wastage is thus 
prei ented 

The tanks in the city squaies which weio alluded to on page 216 as 
liaviijg been made in connection with tho masonry dam piojoct, after the 
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failure of the dam, became pimple receptacles of rubbish, these have been 
cleaned out, and the depth lessened to 3^ feet 

In the centies ornamental fountains have been elected which play 
daily fiom 4pm till dusk, and at one side Gao MulTch, oi cow heads, 
in marble, have been elected foi bathing puiposes The cow head is fixed 
high enough to allow the watei to fall over a man’s body, and on tinning 
the tap, issues fiom the mouth of the cow head, which natives consider 
a great advantage In white maible these only cost Es 7 each 

About 35 piivate houses have had watei laid on All these pipes and 
connections are of wiought-iion with biass valves 

The Mayo hospital is provided with taps foi tatties, shower baths and 
othei puiposes, and the opeiating loom has a special aiiangement of 
about 20 feet of mdia rubbei hose, and a copper nozzle to legulate the 
disohaige, and is found very convenient, as it enables a jet of water to be 
used during operations at any moment, and at any point in the room , this 
18 a step m advance of the bhistee and imissacl supply, so often seen m In- 
dian hospitals, and which eveiy Suigeon must have found so moonvenient 
In the Earn Newas Gaiden {see Index Map) a 6-inoh mam is taken 
thioughout the length on the noith side, and completes the oirouit of that 
portion, which is an advantage, as in case it is necessary to shut off one 
inlet, water can be supplied from the othei 

This mam is fuimsbed with hydi ants and copper stand pipes, to which 
leather hoses can be attached with coppei nozzles for distribution The 
mam is also connected to three or four of the most impoitant wells, so 
that when moie watei is lequired than the wells can yield, which ooouis in 
the hot season now and then, it is possible to take water from the mam 
The watei is discharged into the well tiough, and follows the usual course 
of the well water, so that the existing channels can bo utilized 
In the plant house, wheie a jet of watei is sometimes lequired, flexible 
hoses and spreaders aie provided, also an overhead peifoiated pipe, which 
alloVfs a spiay to descend like ram, and a hidden pipe through a rockery 
allows a contmual dupping ovei the feins and plants in the oaves below it. 

A oucular fountain jet also throws a hoiizontal spray as it revolves 
of itself, all lound over those plants which require a larger supply of 
moisture 

Nh water rate is levied on the city, the water is the gift of the Maha- 
rajah to his people, but the dyeis and confectioners who use this watci 
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laigely m Ihoir tiades, and will not piovide themeelves with taps, are 
ch irged a watei late of S annas each pei month, oi arc prohibited from 
using the stand posts m tho sheets 

For puyato honsoa the following anangement is made — all connec- 
tions outside (including a stop cook) are placed at the cost of the water 
works, all pipes and connections and fittings inside private hmits aie at 
the cost of the aiiplicant 

In case of any application foi watei an estimate is piepared, and when 
it has received the approval of the applicant foi his shaie, and then of 
the Durbaf, tho work is earned out 

The watei isto is collected at the beginning of each month m advance, 
and if it IS not paid the stop cock outside is closed and the water shut off 
Tho following rates are charged — 

Rs A P 

For the fiist tap (of any size) 1 0 0 per month 

Second and every other tap, 0 8 0 „ „ 

Foi a dunking tap jwo Sono publico or for 
cattle, . 5 0 0,,,, 

This is the highest charge made, Rs 6, and the payer can have as much 
wiitei as ha wants , excepting for garden purposes, for which it is not al- 
lowed 

It is not used in watenng the stieets, as these can be watered cheaper 
by bhistees from the existing biackish wells at the load side 
The average cost of the water supplied, is about 4: annas per 1000 gal- 
lons, this does not allow of any leserve fund for inteiest or lenewals, 
which in this case is not nccessaiy I believe at Calcutta the rate for 
lUOO gallons is Rs 0-10-8, at Bombay Rs 0-12-0 

What adds so much to the cost is the heavy item of fuel Wood is not 
to be had in any (puantity, and coal which at Raueeg unj costs Rs I per ton, 
costs nearly Rs 40 per ton by tho time it is deliveied at the water woiks 
Some natives had scruples at first against taking the watei, and others 
said that giving them water fiom a dog’s month (it really is intended for 
a lions’s head stand-post) was an attempt to make Chnstians of them, 
but as no compulsion was used, and eveiy one was left to do as he liked, 
common sense prevailed, and these objections aio gradually giving way 
The average daily consumption for the past year has been about 
258,000 gallons This however includes 8Go,b67 cubic feet which were 
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supplied to the Ram Newas during the ycai, and the watoi used m filling 
the bathing tanks in the city 

That natiyes appieciate good watei is evident fiom the puces they will 
pay foi it in Agia witei diawn fiom the iivei and sold by hand m the 
city fetches as much ns I believe Rs 3-7-0 per 1,000 gallons While m 
Jeypoie the water which, is diawn fiom wells and taken hy some poisons, 
in piefcienoe to watei from the stand-posts in the sticota, costs about 
Rs 2 pel 1,000 gallons 

In Older to lemove any sciuples which might exist, the Maharajah in- 
vited a Committee of Pundits to inspect the machmeiy and satisfy 
themselves that there was nothing contiary to their ideas of pnnty 

They examined eveiythmg, and as the leading member of the com- 
mittee had water laid on the next day to his temple, it is evident theie 
could be no valid objection 

The actual work in connection with distnbntion only, which has been 
executed up to date, is shown on Table A, and the expenditure m- 
ouired on the whole scheme can be scon from the Abstract Estimate 
heiewith attached, Rs 4,75,113 

The cost of mamtenance for the past year is Rs 26,268, and is made 
up as follows — " 

BS 

Establishment, . , , 6,908 

Euol, 18,029 

Sundues, , .. 116 

Total Rs, .. 26,258 

The Establishment consists of— 

1 European Engmeer 

1 „ Assistant Engineer 

2 Native Dnveis 

SO Eiremen, Ohanera, Oil -men, &c , this is sufificiont for three 
relays woilnng 8 hours each 

The European Engineer has also to look after the ice factory during 
the hot season 

Turing the past year the engmes worked on an aveiaga 9 hours and 
12 mmntes daily, raising 310,512 gallons daily 

All the machmeiy, pipes, &c, conaeotod with this project have been 
got direct fiom Messrs J 0 and W, lord, 142, Creat Charles Street, 
Birlmhgham, who have given ns entire satisfaction 
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Table A 

Detail of worts pet formed vn connection with City Water Supply, Jeypore 
Bajputana, shewing disti ihution of pipes, 4 c 


63 

Dunking Posts 

10 

Hjdiants 

9 

Blustccs drawing taps with leather hoses 

SI 

Poimtains with jets of sorts 

00 

Bib cocks 

24 

Stop valves Bom 12' to 3' 

118 

„ „ of sizes 

2 

Showci baths, Mayo Hospital and the Palace 

12,641 

E ft 12 Pipes 

0,837 

» 9" » 

16,721 

» 0 „ 

7,036 

» 8" .. 

1,902 

» 21" „ 

2,133 

» 11' ,, 

822 

» li 

2,829 

» 1 .. 

4,074 

„ r „ 

4,406 

„ r „ 

400 

r 

137 

„ r India rubber hoso 

638 

» r „ „ „ 

305 

„ J" Pipes drilled with holes for supply to khus tatties 
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17 


Rate of Pipes leuivedfiom Messrs J G andW Lord of Birmingham, 
including all chatges, delweied at Jeypoie 



Abstract of Expenditure 
Detail of Expenditure 
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CHEAP WELL FOUNDATIONS. 


By B W Blood, Esq., M Inst CE , Exec Engineer, Bajpufam 
State Hallway, 


The experience desoiibed below is believed to be a novel mode of getting 
down moderately deep foundations when the soil is not too wet to allow 
a well to be kept diy 

On the Sambur Nawah Extension of the Eajputana State Railway, 
the lino near Nawah is cairied across a bay of the Salt Lake, into which 
runs, dunng the rains, a river which diains about 100 square miles of 
country The iivei is one of the largest feeders of the Sambur Lake, 
and, as may bo supposed, at times discharges a very consideiablo volume 
of watei, which will be passed by a bridge, 40 spans of 20 feet 

The bed of the lake at the site of the budge is composed of about 
three feet of a stiff mixture of clay and sand, below which, for about 
13 feet, IS a kind of quicksand with thin beds of kankar at inteivals, 
till at about 15 to 17 feet a thick band of soft scaly half formed sand- 
stone is reached The foundations weie to be oval cylinders, 13 and 11 
feet major and minor diameters, splayed out at the bottom, and in ordei to 
found them upon this haid bed, well steining or tubemg of some kind 
would be requiied foi the excavated wells to keep out the water and 
slush On account of the expense of a legular well steining and curbs, 
and the delay they would cause, it was decided to adopt a steining of 
Birpat glass sunk as is done, m their kntoha wells, by the natives of the 
North-Westein Piovinces This steining was made of the long jungle 
grass, which giows plentifully in that pait of the country, formed into a 
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hard roll 8 to 9 inches in thickness, which was led into the wells, and 
{lacked coil under coil as the work went down The mteinal foim of fcho 
wells was maintained with great care, and the diameter was mcieased by 
splaying out the hst few feet to give a larger base In this manner the 
wells were carried down to the required depth, one foot into the hard 
material, when they were filled m with 12 feet of a conciete, composed 
of an eminently hydraulic kankar lime, kankar, bajri and shaip broken 
etone This concrete sets into a mass of rock, and gives in every way as 
good a foundation as if a masonry or brick well had been sunk to the 
same depth 

The masonry of the piers begins on this concrete, i e , at about five 
feet below the piesent lake bed, and it is expected that the concrete will 
not bo exposed by any scour which may occur 

B W B 

Jeypote, 7th May, 1879 
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ALLUVION AND DILUYION ON THE PANJAB RIVERS 

[Fida Flutes I and II] 


By E A SiBOLD, Esq,, Executive Engineer, 


In this paper it is proposed to deduce fiom a few obsei rations the law 
or laws on which diluvion and alluvion take place in a river flowing 
through a sandy plain unhiiideied by rock or any othei foreign obstacle 
The obseivations chiefly apply to the Panjab iivers, and moie particulaily 
to a ten mile leaoh of the Ohenab in the neighbouihood of Multan 
An attempt will be made to show how the movements and changes 
in the spiials represented by the deep stieara AOB, {Fig 1,) can be made 
susceptible of investigation The theory is tint such spirals piogross 
down-stieam, and that their action oi piogression is the sole index of all 
river changes It is alleged that m the couise of time the diluvion of b, 
{Fig 2,) becomes the alluvion of B , diluvion of c the alluvion of C , 
and so on The spiral is, however, only the local sign or effect of an 
oscillation or disturbance extending from the mountains to the sea 
This oscillation oi woik of re-adjustment of declivities in a stream is 
unceasing The piogiession of a paitioulai spiial is only a paiticular 
effect of this unceasing action, and it has a varymg eouisefiom initiation 
to exhaustion The impoitant point is the local action on local woiks, 
i e , the progression of this spiral, and the results when it is meddled 
with ^ 

To avoid obscurity in the illustration, the deep stream has purposely 

285 



ALLUVION AND DILUVION 


THU PANJAB niVERS 


been made veiy prominent in Fig 1 A few of the minor and spiU 
channels aie shown m dotted lines Facts will be given further on to 
show that it IS reasonable to suppose that the minor channels simply 
perfect the work of building up the alluvion The two deep streams 
shown as existing opposite Paiidabad in 1855-56, would not give a case 
of alteied conditions, they would simply make it more difficult to follow 
the working of the spirals 

Befoie going into details, it is necessaiy to define some of the terms 
used 

Cutting edge, oi the line on which dihivion or erosion is taking place 
This IS the length of bank on concave side of deop stream which is being 
eaten away The teim does not lofer to accidental scoui from a local 
ODstruotion such as a snag • 

Banl — This is the bank bounding tho deep stream, whether recently 
thrown up oi permanent 

The Spval — If ADD {Fig 1) is the spiral whose action is to be 
investigated, the first cutting edge is at A on right bank , the next at 0 
on left bank , the third at B on light bank again None of these cut- 
ting edges will have the same energy It is necessaiy to ascertain whe- 
ther eneigy of cutting edge 0 is due to impulse fiom A, that ot B to 
that of 0 If B show signs of exliaustion, and 0 of gieater eneigy, then 
cutting edge at B was due to a pievions impulse, and a new cutting edge, 
more or less developed, will bo found on leacli BO dependant on 0 The 
energies of the cutting edges me intordepcndant, but great oaie is leqmied 
to detect the raaishalhngof theseiics where old spuals are disappearing 
and now ones appearing 

Point 01 Line of Quiescence — This is the point of contiaiy flexure on 
the spiral The cross-section of the stieam should heio approximate to 
the regular trapezoidal section of a canal Itmaiks the up-stream limit 
of safety when selecting the site for the head of an inundation canal 
It IS the point oi reach of rivei where the legimen of the stream is estab- 
lished for the time being 

The next point is to describe the cause of the progression of the spii- 
al Dilunon only takes place m an. elbow or concave bank of the 
Stream, (see cutting edges in Fig 3,) and this elbow is really a baiiiei or 
spur mthe river Now this ban ler causes the water to use above its 
normal level, and a rapid or cataiaot (perceptible on levelling) is lequned 
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immediately below to connect tlie two water levels The draw thus ob- 
tained should make the diluvion or erosion most severe in the imme- 
diate vioimty just above, and the cutting edge therefoie piogi esses down- 
stream 

To connect the theoiy with the observations in detail, it will be neces- 
sary to consider the fol'owmg 

The ti ansfm of the sand hauls ft om side to side n the immediate cause 
of the evolution of the spitals According to Fig 2 whatevoi is cutaway 
at b pioceeds to B , from c to C, &c A complete act of diluvion at b 
results in a complete act of alluvion at B, and in a complete icveisal of 
the spiial the sand banks on one side aio transported to the opposite side 
In other woids, the atoms of sand swept off the cutting edge must follow 
the tangent to the cuive of this cuttmg edge, and piooeed to the neaiest 
alluvion down-stream on the other side * The layeis of silt oi clay of 
varying thicknesses usually found m deposits may bo deiived fiom a thou- 
sand sources, but the sand, the bulk of the deposit, describes a spiial path, 
and then has a period of rest If the bulk of the deposit was derived 
from a thousand sonices, unceasing change would not be the maiked fea- 
ture of these riveis, the toituous couise would be induced once for all, 
and changes would be perceptible m ages only , not in yeais This dis- 
tinction between deposits merely pushed onwards and sediment held in 
suspension, is probably the most important fact in iivei hydraulics De- 
posits of sediment tend to raise the general level of a channel, foi instance 
the river Po , the spiral action tends to lower tho level The former 
action applies to all rivers, the latter only apphes to those whose regimen 
IB not e&tabhshed 

The writer has observed a shoal treading on the heels as it were of a 
cutting edge, at the three followmg places — 

1 Langar Serai, (^Fig 2, 0 and/, and Fig 3 ) 

2 Faiidabad, (Fig 2, A and d,) the consecutive cutting edge on 

right bank up-stream of No 1 

3 Kharakwala on the Indus, (Fig 4 ) 

The changes m position of cutting edge and shoal at Langar Serai 
between February 1878 and March 1879 are given in Fig 3 In that 
interval the cutting edge advanced about three miles , the shoal advanced 

» Tlio progression of tha ahoal la rear of the outHag odgo coa only Iba nocoantad for In tliia 
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somewhat, but not to the same extent The shoal now shows signs of 
tapLimg off, and the kmk in the elbow oi cutting edge is flattoi In the 
absence of actual measuiements of AB, BO, and CD, {Fig 5,) all that 
can be said is that tho state of matters at Langai Seiai m Mai oh 1879 
was approximately the state of matteis at Faiidabad in Febiuary 1878 
In Maioh 1879 the woik of diluvion and alluvion at Faiidabad appeared 
almost perfected, te, the eneigy ot this particulai spiral action was 
nearly exhausted It is assumed that the eneigy at B and e is an inter- 
mediate between the eneigy of the spiial action as shown at Langar 
Serai and Faudabad, because the evident mteidependance of the diluvion 
and alluvion at Faridabad and Langar Serai lequiies a coi responding 
condition ot things at B and e, and so on thiough the whole series This 
single partial seiial observation is only picsumptive proof, and each man 
Will have his own idea of its oonclusiveness Again at Kliarakwala on 
tho Indus, the shoal and cutting edge piesent the same charaoteiistios as 
at Langar Seiai, and here too tho shoaling of the up-stieam spurs and 
tho necessity of adding on new spins below piove the simultaneous pio- 
gression of shoal and cutting edge down-stieam This case also fulfils 
some of the most impoitant conditions requiiod by the theoiy The 
exigencies of woik only incidentally led to a fuller knowledge of the 
working of the rivers at these points, and then to the belief that the best 
way to understand a iivei was simply to obseive the progiession of a 
consecutive seiies of cuttmg edges This will account for the gaps in 
the above illustrations 

The next noteworthy point is that tho flattening of the elbow and the 
tapering of the shoal tend to give a stiaight reach to tho liver in its 
quiescent stage, t e , when the velocity (tho dependant variable of the 
fall or slope) is proportioned to the regimen In the case of the Sidnai 
roach of the Ravi river, the usual stability of a few yeais only has be- 
come the stability of centuries The Sidnai is a straight leach of the 
Ravi, 9 miles long, and it has not alteied its piesent channel foi at least 
three centuries, judging fiom the banyan trees ovet hanging the channel 
The Sidnai must Lke nvei chaimels, on which the spiial action is absent, 
be gradually rising from deposit of sediment, but the conditions foi spiral 
aotion, or tho pushing forvoaid of sandy hairwsare wanting The ad- 
vance of the spiral is the same thing as retiogression of level in a canal, 
and the effect of sedtmenta/y deposit is the same thing as deposits of silt 
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at the heads of most rajbahas (at least on the Ban Doah Canal), or the 
gradual rise of the bed of a rivei like the Po 

It IS said that cases can be quoted of the cutting edge oi dilnvion pro- 
ceeding up as well as down-stream It has been stated that the dilnvion 
IS the result of the draw below the elbow or concavity of the spiral If 
the discharge is increased, the influence of the draw will extend further 
up-stream, and an apparent retrogression of the diluvion will take place 
If a really new diluvion is developed up-stream, it is simply a case of one 
oscillation overtaking another 

Mr Garbett, bupenntending Engineer, Derajat Circle, drew attention 
to the following apparent paradox some years ago 

The discharge of the Indus river m December 1874 was found to be 
26,000 cubic feet pei second, and in December 1876 only 28,000 cubic 
feet, though the gauge gave a 1 8 foot highei reading In January 1875 
it was 28,000 cubic feet, and only 21,000 in January 1876, with the 
gauge reading 2 35 feet higher The ponding up caused by the de- 
velopement of a cutting edge below gauge after December 1874, would 
explain satisfactorily the reason of n gange leading being no criteiion of 
discharge on the Indus 

In Fig 1 the minor channels are shown in dotted lines In Fig b 
a netwoik of them are shown at right angles to the cutting edge In 
the case of this partionlar network of channels, some were perennial in 
February 1878, but all were meie spill channels in February 1879 
The alluvion flush with flood level had also increased considerably, 
in the depression this network of channels meanders through This is 
what 18 meant by the statement in the fiist paiagraph, — these minoi 
channels perfect the work of building up the alluvion It was expected 
(owing to imperfect knowledge at the time) that the great floods of 
1878, the greatest for at least 20 years, would have been swept down 
the direct line presented by these channels, and so have altered the 
whole couise of the iiver for 10 or 12 miles These floods did not alter 
the action of the spiral At Kharakwala also there was no alteration in 
direction 

To prevent misunderstanding, it is as well for the writer to state some- 
thing about his ideas of protective works The spiral action is not ir- 
resistible, and if a moie powerful barriei bais its progress, the spiral 
action simply exhausts itself against this barrier, and an imperfect oscilla- 
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tion 18 the lesult The well Bceured abutments of any of the State Rail- 
way Bridges m the Panjab are instances of immoveable bariieis A most 
misleading experience is often gamed in the case of the so called tiaimiig 
liver works The “Biownlow” weed spurs which answer on miiioi 
channels, would be useless on oi neai a cutting edge One man has the 
good fortune to put in his training works when a spiral action is on the 
wane, another the mistoitnne to stait his woiks when it is in embiyo 
The works of the foimei piobably stand , the works of the lattei pro- 
bably fail, the result bemg that the two men will have exactly opposite 
opmions of the efficacy of spuis, &c 

The piogiession of the spiral is not a necessary condition on all livers, 
because this piogiession req^uiros a sandy bed and steep declivities The 
specific gravity of the sand must be so great that it cannot be held in 
susponeion like fine clay, but must be pushed onwaids The two ex- 
tiomes aie mountain streams, where the continuity of the deep stieam 
action is broken by lapids and cascades, and riveis with small slopes like 
the Amazon The following few notes on the Panjab riveis indicate cir- 
cumstances under which spiral action may be expected 
It is a very old axiom that tortuosity is due to excess of slope The 
throe important factors in iivei hydiauhoa are, hydraulic mean depth, 
volume of dischaige, and slope. The question of choice of foimulaa and 
coefficients is a veiy important detail, but has nothing to do with principles 
Exact figures of the hydraulic mean depths of these riveis might be ob- 
tained fiom the DepaitmentPublic Works recoids It is sufficient foi the 
purpose of tins Papei to sny that the differences between the maximum and 
minimum levels of the water surface aie much the same in all the livers 
It varies in different yeais fiom 10 to 13 feet The depths when the 
rivers are at their lowest are also insignificant Where no violent dilu- 
vion was taking place, it would be difficult to obtam a gieatei sounding 
than 6 or 7 feet on the Butlej , of 8 oi 9 feet on the Chenab , and of 15 
feet on the Indus The cold weathei dischaige of the Indus vanes from 

20.000 to 86,000 cubic feet per second , its ordinary flood discharge is 

580.000 cubic feet The discharge of the great flood of 1858 was 
1,614,500 oubic feet per second, appioximately The cold weather dis- 
charge of the Sutlej vanes from 6,000 to 10,000 feet, and its flood dis- 
cliorgo is about 200,000 The Chenab and Jhelnm aio about the same 
sue as the Sutlej, and the Ravi is much smallci 
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The following are the declivities, the iivois being placed according to 


Indus, , 

. 1 33 feet pei mile 

Chenab, . . 

0 97 ditto 

Sutlej, 

. 2 00 (appioximately) 

Jhelum, . 

. . 1 51 (ditto ) 

Ravi, 

. . 2 00 (ditto ) 


If the District maps (2 miles = 1 inch) are examined, and 50 mile reaches 
of these rivers are compared, it will be found that degree of tortuosity 
bears a i elation to the above noted declivities 

The spirals of the Sutlej and Eavi will be found very similar, and their 
courses most toituous The Chenab will be found to have the flattest 
spiral On account of its much laigei volume, the Indus should bo at 
least as toituous as the Sutlej oi Ravi That this is not the case, and 
that like on othei iiveis the compaiison of toituosity to declivity bolds 
good, is due to its shallowness and the division of its volume among two 
01 moie cold weather channels In Decembei and Januaiy last the 
gauge at Dora Ghazi Khan did not vaiy a tenth of afoot, and foi about 
15 miles above and 5 miles below, oi on a reach 20 miles long, the river 
was, if any thing, shallowei than at the point of observation, and here 
the hydraulic mean depth was 4 33 feet, with a dischaige of 34,181 cubic 
feet m two channels The Indus always flows more or less m two oi 
more channels It is deduced from this that its insigmlicant hydraulic 
mean depth and the loss of energy losulting fiom splitting up mto 
soveial channels puts the Indus on a pai with the Ohenab, Sutlej, &c 
There are of course local cases of a great hydraulic mean depth At 
Kharakwala (Fig 4) nearly the whole of the Indus (at least 32,000 
cubic feet per second) was contained opposite spur No 7, in a channel 
S75 feet wide with soundings up to 50 feet This great contiaotion ex- 
tended, however, scarcely 1,000 feet, and the stream broadened out 
rapidly above and below Compared with the discharges the hydrauho 
mean depths of these rivers are remarkably insignificant In all livers 
where such is the case, it will be found that coarse sand predommates, and 
the declivities are great, and spiral action is the most prominent feature 
The particles of fine clay that require absolutely stagnant water foi depo- 
sition, and the valuations of dischaige modify the clock woik regularity 
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of the spiral action The Hydraulic Engineer Surveyor should, how- 
ever, seek to fix on his map the position of the cutting edges, the lines 
of quiescence, and the curves of the deep stream 

The practical application of the theory to inundation canals, bridge 
and other river works, must he reserved for another paper 

In conclusion it may be noted that this Paper has been re-wntten at 
the request of the Editor His criticisms,* as also those of Mr S Hanna, 
Executive Engineer, are now incorporated in this exposition of the 
theory 

Multan ^ E A S 

llih June, 1879 J 


* Noth — Editor is in no way answerable for news of any contiibutoi, but wcl 
comes this ondeavom to find a rule on which river training works may be based, as he 
believes much money may be wasted in spasmodic efforts to inflncnce a large nver 
at a particular locality unless the general and almost uresistiblo action of the river is 
taken into account, — [F d ] 
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NOTES ON ELEPHANTS AND THEIR TRANSPORT BY 
RAILWAY 
IVtde Plates I to IV] 

By Capt II WiLBBRFOROE Clarke, R E , Offg, Bepidy Conmltmg 
Engineer for Gum ante ei Railwmjs 

Ebpeebnoes— 

The ’Am i Akbati by Shaikh Abu l-Fazl ’AlUmf, 1670 (circa ) 

Ceylon, by Sir James Kmeison Tennent, E.C B , LL D , I860 

The Record of the Expedition to Abyssinia, by Major Holland and Captain 
Hoiier, 1870 

The Hand book of Field Service, by Ocneral Lofioy, 1870 

The Soldiei’s Pocket-book for Field Service, by Colonel Sir Garnet Wolsoloy, 1871 

A Practical Memoir of the history and treatment of the diseases of the Elephant, 
by Assistant Surgeon W Gilthiist of the Government Cattle Farm at Honsar 
in the Madras Presidency, 1871 (A reprint of that published in 1841 ) 

Diseases of the Elephant and Camel (condensed fiom the treatise printed by Dr 
Gilchnst in 1841 46), by Major H P Hawkos, Assistant Commissary General, 
1872 

The Commissariat Code for the Madras Presidency, by Major H P Hawkes, 
D A C G , 1878 

The Transport Regulations, Transport of Troops by Sea, 1878 

Thirteen yeais with the Wild Beasts of India, by Sanderson, Snpermtendent, 
Government KhedS, Dacca, 1878 

Revised Memorandum of Instructions regarding care of Elephants by the Commis 
sary General of Bengal, 1878 

Studies m Comparative Anatomy, H , Indian Elephant, Miall and Greenwood, 
1878 

The E B Aide Memoite, by Colonel Cooke, E B , 1878 

Act VI of IS^Q, by the Governor General in Council, for the pieaerving of the 
Indian Elephant 
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In thia Note, an attempt has been made to gather into one compass ail 
that has been pnbhshed abont the Indian elephant 
I have noi entered npon — 

the me^hotlof cnptaring them, well told by Sir Emerson Tennent in his noik on 
Ceylon, and by Mr Sandeison in his “Thirteen years with the Wild Boastsof India,” 
as the subject is foieign to the puipose of this paper 
Nor have I gone fai — 
into the treatment of the diseases of the elephant, 
as the subject seems to bo chaotic and empirical 

Smoo Assistant burgeon W Gilchrist wrote his treatise on the diseases 
of the elephant in 1841 to 1846, no scientific attention seems to have 
been paid to the subject Major Hawkes, in his “ Diseases of the Ele- 
phant and Camel,” simply condenses and reprints in 1872 the origmal 
treatise of 1841 

Theie seems to he room for great improvement in this branch of know- 
ledge 

If even the nomenclature were improved, something would he done 
towards further researoh In some instances the plants, named as reme- 
dies, cannot be recognised, so arbitrary and whimsical is the spalling 
As far as possible, I have corrected the spelling of all the terms used 
A cursory glance will show that the most contradictory opinions are 
held about matters which should be beyond doubt From an economic 
point of view, ignorance regarding such a costly animal is very costly, as 
from it arise — 

(a) invalidme of the animals for long periods of tune , 

(i) high mortality 

If a committee were appointed to consider and to publish a report upon 
the elephant, m every aspect, much good would accrue 

In this Note, weight should be specially given to statements made by— • 
Sir Braorson Tennent m 1860 , 

Mr Sanderson in 1878 
Ftom the — 

’Am-i-Akbari, 

This wonderful animal is in bnik and strength like a mountain, and m couiago and 
ferocity like a hon.* He adds mntenally to the pomp of a king and to the success 
of a conqueror, and is of the greatest use to the awny Experienced men of Hindils- 
tSn put the value of a good elephant equal to five hundred horse , and believe that, 
when guided by a few bold men armed with matchlocks, such an elephant alone la 

* llio elephant being OBSontlally a natlTo'a nnlmnl, the information given by Shaikh Abil 1 Fazl 
li ospeciaUy luterenUng Bee page 870 of thia Note 
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worth double that number In vehemence on one hand, and snbmissiveness to the 
reins on the other, the elephant is like an Arab , whilst in point of obedience and 
attentiveness to oven the slightest signs, he resembles an intelligent human being In 
restiveness when full blooded, and in vindictiveness, he surpasses man An elephant 
never hurts the female, though she bo the cause of hia captivity never fights with 
young elephants, nor thinks it piopcr to punish them From a sense of gratitude, he 
never does his keepers harm nor thiowa dust over his body, when he is mounted, 
though ho often does so at other times Once an elephant, during the rutting season, 
was fighting with another When he was in the height of evcitcment a small ele 
phant came in his way , ho kindly lifted the small one with his trunk, sot him aside, 
and then renewed the combat If a male elephant bieaks loose duiing the rutting 
season, in ordei to have his own way, few people have the courage to approach him , 
and some bold and experienced man will have to get on a female elephant, and try to 
got near him and tie a rope round his foot Female elephants, when mourning the 
loss of a young one, will often abstain fiom food and drink , and sometimes even die 
from grief 

The elephant can be taught vanons feats Ho learns to remember such melodics 
as can onlv be remembered by people acquainted with music , moves hia limbs to keep 
time j exhibits hia still in various ways shoots oft an arrow from a how, discharges 
a matchlock, and learns to pick up things that hnie been dropped, end to hand them 
over to the keeper Ho sometimes gets gram wrapped in bay to oat , this he hides 
in the side of his mouth, and gives back to the keeper, when he is alone with him 
The teats and womb of a female elephant resemble those of woman , the tongne 
is round like that of a parrot , the testicles are not visible Elephants frequently 
with their trunks take water out of their stomachs, and sprinkle themselves with it 
Such water has no offensive smell They also take ont of their stomach grass on the 
second day, without its having undergone any change 
The puce of an elephant vanes from a hundred thousand to a hundred tupeeB" , 
elephants worth five thousand and ten thousand rupees aie fairly common 
There are fom kinds of elephants — 

1 Shaddai It is well proportioned, has an erect bead, a broad chest, largo ears, 
a long tail, and is bold, and can bear fatigue They take out of his forehead an ex 
ctcscence resembling a large pearl, which they call m Hindi Oaj mamh f Many pro 
perties are ascribed to it 

2 Mand It is black, has yellow eyes, a uniformly sized heUy, a long penis, and 
IS wild and ungovernable 

3 Mirg It has a whitish skin, with black spots , the colour of its eyes is a mix 
tare of red, yellow, black, and white 

4 Mir It has a small head , obeys readily , and gets fnghtened when it thunders 
From a mixture of these four kinds are formed others of different names and pro 

pertios The colour of the skin of elephants is threefold white, black, grey 
Again, aocoi-ding to the threefold division of the dispositions assigned by the Hindiis 
to the mmd, namely, sat benevolence, raj love of sensual eD3oyinent, and tarn irasei 
• During the reigns ot Akbar a successor, the price of a well trainod war elephant rose much 
higher Fids Tuzuk i Jehin giri, p 198 At the time of BhAhjahin the first white elephant was 
brought from PAgil, Padajiahmma, I, p "67 See page 978 of thia Note 
t This exorcBcence Is also called dryntolt, or dtphanli paarl Forbes has, also, Gi^manth, and the 
Jaiil 1 Sati, gaj watl 


245 



4 noti b 


ELEPUANTS AND THEIR TllAIi&IOIlT BY 


bility, elephants are divided into three classes First, such in which sat piodom 
mates They are well piopoitioned, good looking, eat moderately aie very submia 
sive, do not care for inteiconrse with the female, andliiotoaveiy old age Secondly, 
such in whose disposition J fly pievails They are savage looking, and proud, bold, 
ungovernable, and voracious Lastly, snch as aie full of tarn Ihey aie self willed, 
destructive, and given to sleep and voiacity 

The time of gestation of the female is generally eighteen* Iniiar months For 
three months the Jlmda germinaba, intermix in the womb of the female , when 
agitated, the mass looks like quicksilvei Towards the fifth month, the Jlmda aottlc, 
and get gelatinous In the soionth month, they get more solid, and diaw to perfection 
towards the ninth month In the eleventh, the outline of n body is visible , in the 
twelfth the veins, bones, hoots, and haiis, make their appearance , in the thirteenth, 
the genitalia become distinguishable , and m the fifteenth, the piocesa of quickening 
LommoiiccB If the female, during gestation, gets stronger, the feetus is suie to be a 
male , but, if weakei, a female Dm ing the sKteenth month, the formation becomes 
still more perfect, and the life of the fostus becomes qmte distinct , in the seven 
teenth, there is every chance of a premature birth, on account of the efforts made 
by the fmtns to move, and in the eighteenth month the young one is boin 

According to others, the sperm gets solid in tho first month , the eyes, eais, the 
nose, mouth, and tongue, aie foimed in the second , the limbs make then ajipeai anco 
in tho third, tho foetus glows and gets strong in the fouith it oommouces to 
quicken in tho fifth , in tho sixth, it gets sense, which appears more marked during 
tho seventh there is some chance of a miscarriage in the eight , the feetus glows 
doling the ninth, tenth, and eleventh months, and is bom dnrmg the twelfth It 
will be a male, if the greater pait of the sperm came from the male , and a female, 
if tho roverso be the case If the sperm of both the male and female be equal in quan 
tity, Uio young one will be a hormaphiodito The mule feetus lies towards the right 
side , tho female towards tho kft , tho hormaphiodite m the middle t 

Female elephants have often for twelve days a led discharge, after which gestation 
commences During that period, they look startled , spiinklo themselves with water 
and earth , keep ears and tail npwaids , go rarely away from the male , rub them 
Bolics against him , bend their heads below his tusks, and cannot biai to see another 
female near him Sometimes, howevei, a female shows aversion to inteiconrse with 
tho mole, and must be forced to copulate, when other female elephants, at hearing 
her noise, will come to her rescue 

In former times, people did not breed elephants, and thought it unlucky , by the 
command of His Mujesfy, they now breed a very supenor class of elephants, which 
has removed the old prejudice in the minds of men A female elephant has gener- 


• The time is differently given Tho Empeioc JetaAnglr says In his Memoiin (p ISO) — Diirine 
this month, a female elephant in my stables gave birth before my own eyes I hud often eTpressod 
the wish to have the time of gestation of tho fomolo olophont corrsotly dotoimined It Is now 
certain that a femolo birth tales place attor eliteen, anil a male birth otter nineteen months [tho 
Emperor means evidently solar months] , and the process is different from what it is with m an tho 
fo tus being bom with tho feet foremost After giving birth tho fomnle at ones covers the young 
one with earth and dust, and continually carosses it whilst tho yonng one sinks down every mo 
ment trylngto reach tho teats of thomother Fide Lt. Johnstone s remarks on thesamo subjoot 

in tho Proceedings ot tho Aslntlo Socioty of Bengal for Afny 18'18 
t Tho homiaphrodlto, rare In mankind, is not so among animals See Evolution of Mon, by Li iiat 
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ally one young one, hut sometimes two Foi five years, the young ones content 
themselves with the milk of the mother , after that period they begin to cat herbs 
In this state thev aie called bal, when ten years old, ymt, when twenty yoai a oM, 
btk/ia , when thuty yeaia old, kalhah In fact, the animal changes appeaionce 
every year, and then gets a new name When sixty years old, the elephant is full 
grown * The skull then looks like two hahes of a ball, whilst the cars look like 
winnowing fans f White eyes mixed with yellow, black and red, aie looked upon 
as a sign of excellence The forehead must be flat without swellings or wrinkles 
The trunk, is the nose of the animal, and is so long as to touch the ground With 
it he takes up food and puts it into the mouth , sucks up watei and throws it into 
the btoniach He has eighteen teeth , sixteen of them are inside the mouth, eight 
above and eight below, and two are the tusks outside The latter are one and mme 
yards long, round, shining, very strong, white or sometimes reddish, and straight, 
the end slightly bent upwards Some elephants have four tusks With a view to 
usefulness, as also to ornament, they cut off the top of the tusks, which glow again 
With some elephants they have to cut the tusks annually , with othcis after two oi 
thiee years , but they do not like to cut them when an elephant is ninety years old, 
An elephant is pcifect when it is eight Aast high, nine dost long, and ten dost lonnd 
the belly and along the back Again, nine limbs onght to touch the ground, namely, 
the fore foot, the hind feet, the tiunk, the tusks the penis, and the tail White spots 
on the forehead are consideied lucky whilst a thick neck is looked upon as a sign 
of beauty long hairs on and about the eais point to good origin 

Some elephants rut in wintei, some in snmmci, and some in the lains They are 
then very fieice , they poll down houses, throw down stone walls, and will lift up 
with their ti unks a hoi so and his rider But elephants diffei very much in fierceness 
and boldness 

When they arc in heat, a blackish dischaige exudes from the soft parts between 
the eais and the temples, which has a most offensive smell , it is sometimes whitish, 
mixed with led They say that elephants have twelve holes in those soft parts, 
which likewise discharge the offensne fluid The discharge is abundant in lively 
animals, but trickles drop by drop in the sluggish As soon as the discharge stops, 
the elephant gets fierce and looks grand , in this state ho gets the name of Tuftl or 
Saf kart When the above discharge exudes from a place a little higher than the soft 
parts hetwoon the ears and the temples, the elephant is called bingadhal and when 
the fluid trickles from all three places, TaljOr When hot, elephants get attached to 
particular Imng creatures, as man, or horses , and soma to any animal So at least 
aocoiding to Hindu books 

The Bliaddai ruts in Libra and Scorpio , the Mand in spiing , the Mirg in 
Capricorn and Sagittarius , the JUir in any season Elephant-diivers have a drug 
which causes an artificial heat , but it often endangers the life of the beast The 
noise of battle makes some snpeiior elephants just as fierce as at the rutting season , 
eyen a sudden stai t may have such an effect Thus His Majesty’s^ elephant Giy 

V Bm pages 2C8, 201 206, and 284 

+ Qhalla qfstim is a Hat piece of wioker work, from one to two foet aqnare Three eldca of the 
square are ellghtly bent upwards They put grain on it, and eciziilg tlio instrument with both 
hands throw up the grain till the rofosQ coUeots near fcUo side which Is not bent upwards, when it 

t His Maicstj here aiguilles the Bmpeioi Akbar who reigned in Hiudustan 1865 to 1005 A D 
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muUtah—he becomea bnsic, aa soon aa he heaia the aound of the Impenal dram, or 
gets the nbovementioBed discharge This pecniiai heat generally makes its first ap- 
pearance when elephants have reached the age of thirty , sometimes, howevei, eailier, 
at the age of twenty five Sometimes the heat lasts for years, and some of the Impenal 
elephants have continued for five years in uninterrupted alacrity But it is mostly 
male elephants that get hot They then throw up earth, ran af tei n female, roll 
about in mud, and daub themselves all ovei with diit When hot, they are veiy 
irntablo, and yawn a great deal, though they sleep but little At last, they even 
discontinue eating, and dislike the foot chain , they try to get loose, and behave 
noisily 

The elephant, like man, lives to an age of one hundred and twenty years ♦ 

The Hindi language has several words for an elephant, ns hash gaj, pil, hii'ki, 
&c tinder the hands of an experienced keeper, he will much improve, so that his 
value, in a short time, may rise from one hundred to ten thousand rupees 

The Hind 68 behove that the eight points of the earth are each gnaided by a heaven- 
ly being in the shape of an elephant , they have curious legends regaidiug them 
Their names are as follows — 


1 Airdwata, in the East 

2 Pundanka, South east 
8 Sdman, Sonth 

4 Kumada, South west 


6 Anjan, West 

6 Puhpadanta, North west 

7 Sdrhhahhuma, North 

8 Supratlia, North-east 


When occasions anse, people read incantations in their names, and address them in 
worship They also think that every elephant in the world is the offspring of one of 
them Thns, elephants of a white sLm and white hairs are related to the fiist , 
elephants with a largo head, and long hairs, of a fieice and bold temper, and eyelids 
far apait, belong to the second , such as are good looking, black, and high in the 
back, are the ofifspnng of the third , if tall, ungovernable, qniok in nndei standing, 
short-haired, and with red and black eves, they come from the fourth , if bright 
black, with one tusk longer than the other, with a white breast and belly, and long 
and thick fore feet, from the fifth , if fearful, with prominent veins, with a short 
hump and ears, and a long trunk, from the sixth , if thin bellied, rod eyed, and with 
a long trank, from the seventh , and if of a combination of the preceding seven 
qualities, from the eighth 

The Hindus also make the following division into eight classes — 

1 Elephants whose skin is not wrinkled, who are never sick, are grand looking, 
do not ran awav from the battle field, dishke meat, and prefer clean food at proper 
tunes, are said to he I)6ti mixiy (of a divine temper) 

3 Such as possess all the good qualities of elephants, and are quick in learning, 
in moving the head, ears, trunk, fore legs hind legs, and the tail, and do no one harm, 
except they be ordered to do so, are Oandharla mitdg (angelic) 

8 If irritable, of good appetite, and fond of being in water, they are Sarlutman 
nazdj (of a brahminicat teropof) 

4 Such aa are very strong, in good condition, fond of fighting, and ungovern- 
able, are said to have the temper of a Khetn, or warrior 


must in tlioa days have been a ver 
218 
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ry healthy countiy 
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B Those which are of a low stature, and forgetful, self willed in their own work, 
and neglectful in that of their master, fond of unclean food, and spiteful towards 
other elephants, are Sidia mtidj 

6 Elephants who remain hot for a long time, and are fond of playing tncks, or 
destructive, and lose the way, have the temper of a serpent 

7 Such as squint, and are slow to learn, or feign to be hot, have tlio temper of 
pislldcha (spectre) 

8 Those who are violent, swift, and do men harm, and fond of ninnmg about at 
night have the qualities of a Rachhos (demon) 

The Hindus have written many books in explanation of these various tempers, 
as also many treatises on the diseases of the elephants, their canses and proper re> 
medies * 

Elephants are found in the following places In the Sdba of Agra, in the jungles 
of BaydwAn and Narwai, as far as Barir , in the Sdba of IlShkbfid in the confines 
of Panna, (Bhat’h) Gbora, Ratanpfir, ^anclanp6r Siiguja, and Bastar , in the Shba 
of Mdlwa, in Handiah, tJohliod, Chanderl, Santwds, Btjdgarh, Rdisfn, Hoshangdbdd, 
Garha, and Handgarh , in the Sdba of Bihdr, abont llohtds and m Jbirk’hand , 
and in the Suba of Bengal, m Otlsa and in Sdtgdon The elephants from Panna 
are the best 

A herd of elephants is called in Hindi »ahn They vary in number , sometimes 
a herd amonnts to a thousand elephants. Wild elephants are very cantious In 
winter and summer, they select a proper place, and break down a whole forest near 
their sleeping place Eor the sake of pleaenre, or for food end drink they often travel 
great distanees On the journev one inns far m front of the others, like a eontinel , 
a young female is generally selected for this purpose When they go to sleep, they 
send out to the four sides of the sleeping place pickets of tonr female elephants, 
who relieve each other 

Elephants will lift up their young ones, foi three or four days after their birth, 
with tiieir trniifcs, and put them on their backs, or lay them ovei their tasks They 
also prepare raedicmea for the females when they are sick or in labour pains, and 
crowd lonnd about them When some of them get caught, the female elephants 
break through tne nets and poll down the elephant-dniers And when a young 
elephant falls into a snare, they hide themselves in an ambnah, go at night to the 
place where the young one is, set it at liberty, and trample the hunters to death 
Sometimes its mother slowly approaches alone, and frees it in some clever way L 
have heaid the following story from His Majesty —“Once a wild young one had 
fallen into a pit As night had approached, wo did not caie to pull it out immedi- 
ately, and left it j but when we came next morning near theplace, we saw that some 
wild elephants had filled the pit with broken logs and grass, and thus pulled out 
the young one” Again, “ Once a female elephant played ns a trick She feigned 
to be dead. We passed her, and went onwards , but when we returned at night. 
We saw no tiace of her ” 

The Harnets of the Mephanl 

1 The Vhariiah is a large chain of iron, gold, or silver, — of sixty oval links, each 
weighing three sirs , but it differs m length and thickness aecordmg to the strength 
• These shonW be senrohed for and examined 
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of the elephant One end is fixed in the gioiind, oi fastened to a pillm, the otlici 
tied to the left hiud-leg of the elephant ITorinerly, they fastened this chain to the 
fore foot , bnt ns this is injurious to the chest of the elephant, His Majesty ordered 
the usage to he diSLontinued 

2 The Anda is a chain with which both fore feet are tied As it annoys the ele 
phant, His Majesty ordered it to bo discontinued 

3 The Sei t is a chain for fastening both hind feet 

4 The Baland is a fottei for the hind feet, — an invention of His Majesty It 
allows tlie elephant to walk, but prevents him from running 

6 The Gaddh bet i lesembles the Andfi, and is an additional chain for the hind- 
legs of unruly and swift elephants 

6 The Loh langar is a long chain, suitable for an elephant One end is tied to the 
right fore foot, and the other to a thick log, a yaid in length This the diivcr keeps 
near him, and drops it, nhen the elephant runs two swiftly, or gets so unruly as no 
longei to obey The chain twists lound his log, and the log will annoy the animal 
to such an extent, that he necessarily stops This useful invenbon, which has saved 
many lives, and piotectod huts and walls, is likewise due to His Majesty 

7 The Ckurkhl is a piece of hollowed bamboo, half a yard and two tasstijea long, 
and has a hole in the middle It is covered with sinews and filled with gunpowder, an 
earthen partition dividing the powder into two halves A fusee wrapt in paper is 
put into each end Uixed into the hole of the bamboo at light angles is a stiolc, 
which serves as a handle Hpon fiie being put to both ends, it turns round, and 
makes a fiightful noise 'When elephants fight with each other, or are otherwise 
unruly, a bold man on foot takes the burning bamboo into his hand, and holds it 
hefoie the animals, when they will get quiet Formerly, m order to separate two 
elephants that wore fighting, they used to light a fiie , but people had much trouble, 
as it seldom had the desued effect His Majesty invented the present method, which 
was hailed by all 

8 Andhiydn (daikness), a name which His Majesty changed into TJyy&h (light), is 
a piece of canvass above one and a half yards square It is made of biocade, velvet, 
Ac , and tied at two ends to the Jiikioa When the elephant is unrnlv, it is let fall, 
so that ho cannot see This has been the saving of many As it often gives way, 
especially when the elephant is very wild, His Majesty had throe heavy bells attached 
to the ends of the canvass, to keep it bettor down This completed the airangemont 

9 The KiUrva consists of a few twisted ropes, about one and a half yards long 
They are laid at the side of each othei, without, however, being interwoven among 
themselves, the whole being about eight fingers broad A ring is di awn through 
both ends of the ropes, and fastened where the throat of the elephant is the ele- 
phaut driver rests his feet in it and thus sits fiimly Sometimes it is made of silk 
or leather Others fix small pointed iron spikes to the kildwn, which will prevent an 
unruly elephant from throwing down the driver by shaking his head 

10 The Dull’hi IS a rope five yards long, as thick as a stick This they tie over 
the kiUwa, to strengthen it 

11 The Kan&i is a small pointed spike, half a yaid long This they likewise 
attach to the kilftwa, and they pnek the elephant's cars with it, in order to make the 
animal wild, pr to urge it on 

12 Tht Dur isa thick rope passing fiom the tail to the thioat When propeily 
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tied, it IB an oinnratnt Thej catch hold ol it when tha elephant makes an awkii oi d 
miiVLinciit , and attach many tiappings to it. 

H llic GtiJda 13 a cushion put on the back of the elephant, below the dult'bi 
It pieicnts galling and is a sonice of comfort 

U ihe 13 a chain ot biass They attach it neai the tail, which it pi e 

cents trnni getting in]uicd by the diilt’hi It is also oinaniciital 

15 Ihe Pinfittah is a belt made of topes, fastened oiei the buttocks of the ele- 
phant It IS a snppoit toi the Shot, and ot ninch use to him in filing 

10 rile Ghduriisi consists of a nnmbei of bells attached ‘■o ii piece of biondcloth, 
tied on bcfuio and behind with a stiiiig passed thiough it It looks ouiaiiiontal and 
gimid 

17 Piiitne/iA 13 the name of two chains fastened ovci the elephant’s sides 
Attadied to them, a bell hangs below the bcllj It is ot giciit beauty and 
giaiidem 

18 Zarqe ckfimo They attach six on both sides, and thice to the kii nva, the 
latter being added by His Majesty 

n ATiitus (the tail of the rhibetan yak) Sixty, more or less, aic attached to tlie 
tusk the toielioad, the throat, aud the neck They are citliei white, black, or pied 
and lool \eij ornamental 

20 The Tayya consists of five non plates, each a span long, and four fiiigci abroad, 
fastened to each othci bv lings On both sides ol the Tayj a thcie aio two chiiiiis, each 
a yaid long, one of winch passes from above the ear, and the othei fiom below it, to 
thekiliwa to winch both nieattnehcd Between them is anothci chain, which is 
passed over the heart and tied to the kilawa , and below, ciosswajs, aio foui non 
spikes ending in a cuivc, and adorned with knobs The iii/as aio attached here 
At then lower end aiothicc othei chains similarly nnariged Besides, foui other 
chains aie attached to the knob , two of them, like the fust, end in a knob, whilst 
the remaining two aie tied to the tnska To this knob again fhiee chains me attar bed, 
two of winch are tied loiind about the tiiink, the middle one hanging down KMa 
and dnggeiB arc attached to the former knobs bntthclaUei lies ovei the foieheud 
All this IS paitlj' foi oinamciit, partly to tiighten othei animals 

21 The Pah'har is like aimonr, and of steel , tlieio are separnto pieces for the 
head and the tiuiik 

22 The Gajjhampia a covtnng put as an oinnmcnt above the paVIm? It 
looks gland, and is made of three folds of canvass, put togcthoi and sewn, broad 
ribbons being attache 1 to the outside 

23 The Mey’h dambur is an awning, to shade the elephant diivei, nn invention 
by His Majesty It also looks ornamental 

24 The Rampiyalu is a fillet foi the foichead, made of biocade oi siiiulin stuffs, 
from the hem of which nice iibbons and iwfns hang down 

25 The Gateh consists of four links joined togethei, with thiee above them, and 
two others over the lattei It is attached to the feet of the elephant Its sound is 
TOiy ettcctivo 

26 The Pdt lanjan consists of several bells similaily airanged 

27 The i nkits is a small crook His Majesty calls it Ga^Mg It is used for 
guiding the elephant and stopping him 

28 The Ocid is a spcai which has two prongs, instead ot an iron point The Bhoi 
makes use of it, when tho elephant is rcfiactoiy 
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29 The Baugi i is a colloction of rings made of non oi brass The nngs uic put 
on the tusks, and solve to strengthen as well as to oinameut them 

80 The Jagaiiat lesemhles the Gad, and is a cnbit long Thu Bhoi uses it, to 
quicken the speed of the elephant 

81 Tho Jhanda, oi flag, is hung round with hitds like a togh It is fixed to the 
side of tho elephant 

But it 13 iinpoBsible to describo all the oinaraental trappings of elephants, 

Boi each and S/iiJyir and Addo elephant, seven pieces ot eotton cloth aie 
annually allowed, eaeh at a price of 84 ddms Also, foui coaise woollen pieces, called 
in Hindi kanihat, at 10 dams each, and eight ox hides, eaeh at 8 duvis Foi Manjhota 
and -Sh) ha elephants, four of tho first, thiee of the second, and seven of tho thud, 
aie allowed For P’hatidurkigas, and Mokals, and female elephants, thiee of tho 
first, two of the second, four of tho third Tho saddle cloth is made ot cloth, lining, 
and stuff foi edging it round about , tor sewing half a sii of cotton thiead is allowed 
Foi every vian ot giain, the kail a dar is allowed ten strs of iron foi chains, &o , at 
2 dams pet sit , and foi evciy hide, one sir of sesame oil, at 60 dams pet man Also, 
5 sirs coarse cotton thicad for the Ulawa of tho elephant on which the Faujdar 
rides, at 8 dam pn in , but tor other elcphonts, tho men have to make one of 
lenthu, &o , at their own expense 

A anm ot 12 dims is annually subtiacted from the seivanta , hut they got the 
worn out ai tides 

In oulci to prevent lannoss, and to ensuio attentiveness, His Majesty, as for all 
other depaitmcnts, has fixed a list of fines On tho death of a male or female / Aussa 
elephant, tho jB/iois nie fined thiee months’ wages If any pait ot the hainiss 13 
lost, tho Bhois and Met’hs are fined two thirds of the value ol tho aiticlc , but in the 
case of a saddle cloth, the full puce When a teniale okphunt dies from stai ration, 
or through want of care, the Bhofs have to pay tho cost puce of the aiuifial 

If a diivei mixes dings with the tood of an elephant, to make the animal hot, and 
it dies in consequence thereof, he is liable to capital punishment, 01 to have a hand 
cutoff, or to he sold as a slay e If it was a lhassa elephant, tho Bhois lose thiee 
months’ pay, and nic further suspended foi one yeni 

Two cxpouenced men aie monthly despatched to enquiie into tho fatness or loan 
utss of ?^a«ia elephants If elephants aie found by them out ot flesh, to the extent 
of n quartci, accoulmg to the scale fixed by tho Fagosht Kegulation, the giandces 
m chaigo aie fined, and the Bhofs aio likewise liable to lose a month's wages In 
the case of JJalka elephants, Ahaills are told off to examine them, nud submit a 
report to His Mayestv If an elephant dies, the Malmwat anu tho Shot aie fined 
three months wages If pait of an elephant’s tusk is bioken and tho injury leaches 
as far as the Wt— this is n place at the loot of the tusks, which on being injui cd 13 
apt to festci, when tho tusks get hollow and become useless— a fine amounting to 
one eighth of thopnee of the elephant is exacted, tho D irogha paying two thuds, 
and the Baujdii one thud Should the injury not roach as far as the iah, the fine 
IS only one half of tho former, but the propoitioiis aio the same But, at present, a 
fine of one per cent has become usual, in the case of lj,6ssa elephants, however, 
such pnmshmont 13 mllieted as His Majesty may please to direct 

The following table (poge 252a) gives details legauling the classifica- 
tion of elephants ami the pay of then attendants — 
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From the Gonmissanat Code for the Madias Piesidency, ly Majoi U P 
Hawles, D A C Q , 1S78, paiayraphs 335, 346 to 354, 380 and 608 
Elephants should not be purchased less than 15, moie than 30, yeais 
old, nor less than 7 feet m height , they will woik until 80 years old 
The age la roughly judged by the overturning of the upper lap of the 
ear The elephant is supposed to be — 

80 yeais old, when the oai is tnrncd oyei 1 inch 
80-GO „ „ „ Ito2uiclio3 

Aged, when the ear la tnrncd oyer more than 3 inches 
When wading, oi swimming in, rivers, the load should be removed 
The ivory obtained fiom peiiodical cuttings of elephants’ tuslcs and fiom 
dead elephants is biought on the general stock 
When an elephant dies, an application should be made to the OfSoer 
Commanding the Station to assemble a committee to repoit on the cause 
of death The proceedings should be handed to the Commissariat Officer 
The following table gives details regaiding the daily food of an ele- 
phant — 



Hice and salt (rations) ai a not issued to sick elephants * Should for- 
age, in oxcoss of the allowance, be rcqmied for elephants of unusual size, 
special sanction of the Commissaiy Geneial must bo obtained An ele- 
phant dunks twice daily 16f gallons , he cannot go more than 24 hours 
without water When ho dies, his two attendants aie dismissed , and 
when laid up with galled back, wounds, sprains (caused by neglect), are 
put on half-pay till the animal is fit for work A purge should be given 
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15 days befoie going on boaiJslnp, and a certain quantity of* earth, 
which acta as a purge, should be taken 

A faujdai in charge of a detachment of elephants numbeimg— 

8 to 9 IS allowed Ea 10 pei mouth 
10 to 12 „ „ 18 

13 to 16 „ „ 20 

Elephant-gear consists of — 

A namda ot felted wool, 1 inch thick, 6 feet to TJ feet square, covered on the 
uppei Bide with gnnnj , and on the lowci with coarse cloth 
A gadela, oi two bags of gnuny, each 1 foot thick, 24 feet bioad, 6 feet to 0 
feet long (when empt)) 

These bags are filled with bullrushos and joined togcthci ot each end, leaving 
the middle space open to leccive the bad bone 
A nim gaddi ot the same dimensions as the gadola, save in the width, which 
IS less 

A ]h(il 01 cloth of gunny, 10 feet to 12 feet long, and 0 feet to 1 feet wide, 
the kilawa, or nook rope, 13 feet long, i inch in diametoi, weighing 2 lbs 
This lope )s passed twice lonnd the animal’s neck 
A nanda, or girth-iope, 90 feet long, IJ inch in diamctei, weighing 10 lbs 
covered at those paits, wheie it passes beneath the belly and tail, with leathei 
This secures the saddle 

A load rope, GO feet long, 1 inch in diaractoi, weighing 6 lbs This secuies the 
load 

A iiee bag^ which holds the ncc lation, ’0 Ihs 
An undhoi, oi a pan of fctteis, foi hobbling 
A lungn, 01 a pan of tethering ehaina 

The following table shows the quantity of material icquu ed for elephant- 
housings — 
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When leqniiecl for pushing guns, the elephant’s head should be protected with a 
well stuffed leather pad Foot boaida leqmied foi the conveyance of sick, m howdas 
are supplied by the Commissnimt 

Fiom the Eecoid of the Expedition to Ahyssinia, hj Majoi Holland and 
Captain Hoziei, 1870, Vol 1, pa^cs 86, 214, 226, aneZ 360, Vol 2, 
ptages 172, 229, 263, and 472 

Elephants tiavclled many hundreds of miles, over amountaiuous coun- 
tiy, beaimg the loads set forth in the following table — 


12 pr B li Aimstrone 

Buna 

Ji’ctffht 

mlSi 

'll 

!®|| 

8 lucli Mortar 

Wctfhi 

.nil, 

Detail 

Total 

Dptatl 

Total 


924 



Mortar, 

924 



loO 



Tiaiolliiigbed, 

168 


Fad, 

600 



CiAdle, 

2o2 




1,674 

1 

Fad, 

600 








1,844 

Carnage, 

OGG 







liO 



Iron bed. 

840 


Fad, 

600 



Tinvclhngbed, 

168 




1,616 

1 

Ciadlo, 

262 






Fad, 

500 








1,760 

2 hones ammunition. 

610 







314 






Fad, 

600 

1,324 1 


«5kids, 






1 

IniplomonthoYes, 







Handspikes, 


y 

8 wheels, 

942 






Pad, 

600 







— 

1,442 

1 

Powder, , 
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Tlie moi tar shslls wore cai rlecl ou mulca,— 4 to each mule 
The loading of the 12-pr B L Armstiong gun was thus effected — 

It being difScuIt to got the animals to remain quite nudei the Ml, it w ns found im- 
piacticnblo to use the shears The loading was theieforo effected as follows — 

In the ease of the gun a skid was placed with one end resting on the ground, the 
othoi on the cradle, the elephant being in a sitting posture The breech screw being 
removed, handspikes weie inscitcd m the bore at the breech on the mnzrlc, and the 
gnn was lifted up along the spoi by eight men to its rest in the uadle To assist the 
lift, a siding rope was attached to the gun at the trunnions, passed over the cradle, 
and manned on the opposite side by four men , with tins too, the gnu was kept steady, 
while the men, who weie lifting, obtained a fresh purchase 

In the case of the carnage, two skids weie used, twelvemen were required to lift it 
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The limhei wag lifted bodily up and plneed in its ciadle , a wheel was placed on 
the top and Inshed secuicly The ammunition boxes were slnug, one on each side of 
the animal, with a wheel laid on the top of the pad, and lashed 

The tbice wheels weie slnng, — one on each aide, and one on the top 
The chief delay took place m equipping the elephants with their gear 
and ciadles, once this was done, the gun and carnage weie loaded m 
two or thiee minutes The othei loads took longer on account of the 
lashing 

The loading of the 8-iiich mortars was thus effected — 

Tlie elephants being seated, two paiallol skids were placed with thmr upper ends 
resting on the ciadle, their lowci ends on the ground, parallelism being proseivod by 
non stays , they were formed with a trncl , along which the non trucks of the tiavol- 
ing bed, littod with non flanges, ran 

Tnokle was attached to the tiaYelling bed passed oroi rollois, wlneh were fixed m 
the cradle and manned on the opposite side of the muinal , font men, with hand 
spikes, heaved the mortar (oi bed) up the skid, and the tackle being hauled on, the 
load was run np rapidly into its cradle 

To pi event the pad being displaced while the load was hanled up, a thud skid was 
placed on the off (hauling) side with one end resting against the cradle 
The delay in piopanug the elephant was the same as in the case of the gun 
Unloading was peiformed, under the same aiiangements, with both 
descriptions of ordnance , with the guns, it was an easier process than that 
of loading, and often only one skid was used m unloading the gun- 
cairmge 

In place of coir, curled hair should be used for the staffing of the 
undei-pad, which also should be thicker 

The skm of the elephant is so tender that it easily becomes chafed 
Senous galls and sores ensued fiom faction as well as from the pressuie 
of the heavy weights, which lemained on the elephants’ backs, at times 
from 12 to 20 hours without relief 

The pads should be fitted with hieechings and breast-pieces, as the 
rope canses veiy severe galls and sores Moreovei, in ascending, the strain 
caused by the weight being thiown back, acts very detiimentally on the 
respuation To lemedy this defect, an arrangement like a hoi so collar 
might be used 

They should be attached and Secured in the same manner as the cradles 
that is, by being secured fiom the sides under the belly, instead of by a 
rope passing completely round and ovei the animal 

The objection to the piosent ariangement is that, if the lopos aio 
found to ho loose, they cannot be adjusted without removing the loads , 
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but, undei that pioposed, tbe lopes could be diawn tight us the guths of 
a saddle 

Elephants aio slow movers ovei a mountainous countiy, snd apt to get 
foot-sore They have fi eqiiently been employed foi the draft- tiansport 
of aitilleiy m Indian warfaie , but, when guns have been earned, it has 
been foi shoit distances only In Abyssinia it was pioved tliat elephants 
could cairy 12-pr B L Armstiong guns and 8-inch moitais ovei steep 
mountains for many hundreds of miles 

The following table shows the daily allowance at sea and on land — 




olcptifints 1 

1 

1 On land 

Gmm 


Haj or 
knibi 

Salt 

1 TVntoi 

riem 

Bay Firoivood 

Salt 

44 

1 4 I 20 

17o 

ifi 1 

1 40 gallons | 
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Of those forty-foui elephants, five died aftci the foil of Magd via, two 
from exhaustion, and tliiee fiom want of wutei 

Two ships weiefitted foi cuiiying elephants fiom India to Abyssinia — 
The elephants weie placed in the hold* of the vessels on n temporary flooring made 
of stoues and shingle, back to back , their heads towards the ship’s sides A vessel 
of SI or Sfi feet beam admits of two elephants being thus iilaccd, and of a gang way 
being loft between, bioad enough foi the attendants to pass to and tro foi elcaiing 
away filth 

The hicndth of the stalls was 6 feet divided off bv two cioss beams, each 1 foot 
broad, f foot thick which icsttd on a longitndinnl shelf piece, § foot biond, ^ toot tluck, 
which again n ns seonivd to the ship’s side by cleats 1 J foot long, y’j foot wide, placed 
B/j feet apart along the side 

These tiniisvoise bennis itijnnetl a stiong moveable upiight in the ctntie (amid 
ship) to picveut then being lujmed, or displaced, by the elephants pressing against 
them 

The following details legaiding the nature of the elephant may be of 
seivice ~ 

1 he skin should bo of a colour approaching to black, and its feel bristly A pale 
coIourJ elephant with the hnu downy is not in good health 
In good health an elephant is always in motion, swinging the well stretched tiunk, 
and flapping the cats , a listless state, with bunk gatheied up, betokens ill health 
The msido of the mouth and the tongue should bo of a iich pink colom, without 
any black spots on the palate or roof of the month 
• See page 280 
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The light spots on the hend of the tinnk, and noch, and ears, should show bloom , 
they are the completion ot the animal, oi beauty spots Too pule a coloui denotes 
pool ness of health , and too high a eolonr, an o\Liheatcd state of body 

Tlio e>e of an elephant m good health should appeal ns laige in the evening, ns 
in the stiong light ot the moining Wlien an eleph int becomes ovcihciited in blond, 
hiH 030 will be coseied by a senm difiScult to lemove Fiesh biittei, or good gbi, 
with the rations is as good as any thing foi them 111 this state 
Hind lumps on the belly, 01 loimd the flanks, aic ot two kinds — 

In the fiist case the lumps will break ofl. themselves, and aie the effect of nn 
oieitieatod state of body thiowing itself off in siipeificial ciiiption This is not 
dangerous 

In the second, the lamps aie hard and will nothioak , they are the piocuisors of 
“zalii bid”, and it the disease he not nipped in the bud, it will destiov the animal 
The male becomes mast duiiiig the lainy season for a poiiod of tbico months 
This season may be shoitonod bj cooling medicines He will in this state, have a 
discbaige ot watei fioni two small oiifices, at each side of the jaw and nndoi the eje 
Tlio paits inside and uiidei the nails aie liable to snies , and so tondoi does the 
foot become, that piessuro of a huger on the spot will make the animal wince Ihia 
diaonso called “kandi” will (if the sore gets no vent downwauls) esuso the nail to 
fall off It is a tioublcsomo disease, and takes months to cuic In poifoct health, a 
moistuio, or peispiration, may bo noticed at the juuotion of the too nail with the flesh 
of the foot 

Elephants tronhled with woims cat mud , thej should then go ratinnless * If this 
ocoms otteiiei than once a month, it is a piool that the imvtiircs of food arc not suit 
able A good elephant diiiei will pay gieiit attention to the dung, urine, tliiisty 01 
mithiisty state of the animal Elephants, lationlcss, w this state, are oonsideiiihly 
pmged by the earth they oat 

To stop pnigiiig, bniiibno loaecs should he given , and the animals should not be 
bathed rumours and skin cuts aic iniuriabh caused hi negligence, 01 ignmaneo, 
on the pait ot the diivcis Attei loading then elephants the diiieis will often dis 
place part ot the load to stowing pmatoh some bundle of their own property , some 
times the insnlHciont stiifting ot the pads iiecouuts foi the mischief 

Tieatmeiit — When a tumour is discovered a driver will generally counsel its 
being piessed away this will cause sinuses to run deopei into the skin 

Applj a poultice of nmi leaves for two 01 more days, till the skin becomes soft, 
and the tumour rises near the siii taro , then up it open freely, cutting it on either 
side down the iibs, but never across the back-bone 
After the pus has escaped, tlieie aie two modes of dealing with the wound— 

(a) Put pigeon dung and salt (ot baik of the root ot the madder tiee and salt) m 
equal proportions into the sole for a few days after being cut open, to cleai 
away any pioiid flesh, snd keep the wound warm by a bit of padded stuff 
Then apply an oinmciit consisting of— 

5 bottle of native sweet oil, 
i „ spirits of tuipentme, 
i ounces of clean, good camphoi 

* Tbo mad catihes the worms to bo ovneimteil dead Tho woid i atwa npi.llca to the allow ance of 
Balt lice aiidfl our 
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Tlieic IS no bpttoi ointment* than this foi euiing elephant soies 

(i) Fill up the wonnrl with nlm leaves iiftei hiuismg them in a small quantity of 
hot vvatoi lemove this plugging twiec n day toi thiee tlaj s , aiiiJsjnnge 
out with a decoction of blue yitiiol, until the wound assumes a healthy 
appeal ance 

Gunda biiosa may then bo applied, caie bung tahen that the lips of the wound ale 
kept open, and that the giannlation hlls up fioin the bottom 

Abinsions icqniie to bo washed clean and Bineaied with camphor oil (or caibolio 
aud) to pi event amio) ance fioin flies PnlvO the animal oft worl , and such soies 
will soon heal 

In the ease oC soie toes, or feet, clem the Ticiniti of the snie , wash it well with a 
decoction of blue vitriol, foiciblj squiited with syiinge, till the offensive smell be 
oveicomo then apply — 

Cliloi ulo of lime, 2 chhataks = 4 ounces 
Common linio, t „ = 8 „ 

Mix both into a paste, and plaster the wound, which must bo closed with cotton to 
prevent inti iision of dii t Ihe same may be applied to whitlows, oi chajun sores 

In the case ol sore ej es, nse caustic lotion with a Byiingo, whenever tlieio is inflam 
mation piesont Foi a white film, sjiingo the eye with a solution of half ot an 
onnee of alum in n pint of water 

Elephants m a heated state are apt to get a chill, “ chnmnng ” Extiemo cold has 
the same effect The smews of the neck, ehest, and hips become oinmpcd, and the 
animal can baiely move A diam ol liquoi, oi a few waim “ masilili” may piovcnt 
the disease but months of caie will baldly cnio it, and the animal will, in tntnie, he 
piediaposed to it 

Tho following lie the chief causes of disease — 

Want of shelteifiom oxtieme heat and cold , excessive lain and storms of wind and 
ram , w ant of sleep , v lolcnce in the use of the “ iiikus ” which induces n i uniiing ot 
tho eyes, tinning into soie eyes , heating foddci, which also pioduoos sore eyes , baik 
and leaves, ooveied with birds’ dung, which produces spasms , the giving of gram when 
they aie Buffeniio fiom worms , exposure to the snn, winch cauaes “ aaiza,” m which 
a tiemoi comes ovei tho animal and he cxpiies , neglect of elephant attendants as to 
food, will h should be clean, wholesome, and suflicient the not being bathed daily 
during tho hot season , overwoik and had driving 

Elephants require but little sleep When ho lias had enough to eat, and is not 
prevented by noise, w ant of room, oi uneven gioiind, ho will he down befoio mid 
night , sleep foi a couple of houis , get up and eat a little , and then ho down on the 
othei side, using finally two oi thiee horns betore daylight to finish his fodder It 
takes a considoiablo time foi him to satisfy tho (list ciavmga of hunger , and if the 
foddei be not given in tune to enable him to do so by midnight, he will go on eating 
all night, and not ho down at all 

• Sorgeaut EuEsell rommissariat Dcpaitmcnt, bbvb— 
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The piaotice ot Government elephant-diiveis on the maich is this — 
Aftei the maich, the elephant is tied to a tiee , and hia foie logs being fastened 
together, he is left in the snn, i\hile the elephant duvei cats, smokes, and sleeps, till 
he thinks it is cool onongh to take his aiiimal for foddei that is brought in late in 
the evening Then the animal is bathed, so that, ivVh this and that he does not 
begin eating his fodder till 8 or !) o’clock He then cats voiaciousl) till the enrap is 
awake again If this does not kill him diiectly, it so vieakens him, that ho is unfit 
for any real woit 

An elephant should go one hom aftei the march foi fodder , be well washed , get, 
hefoiesnnsct, a little foddei , and then the gram , and be fastened foi the night, with 
the night’s fodder before him, at 7 o clock He seldom sleeps moie than loin hours, 
though after gieat fatigue ho will he all night Eaily feeding should be insisted on 
Attention should be paid to giving elephants fod lei enough No amount of giatn 
will compensate foi n continued shoit allowance of good foddei he requiies a belly- 
full of fodder, more oven than the hoise The foddei consists of — 

Green cliaua, gnlnr, bnnian, bargiil jack tieo, plantain, sugai cane, pfpnl, pakui, 
somal, amia, pcimi diicd dhdn, naikat, grass of all kinds, bamboo, kureiui kStis, 
dhan, jowar, muudwa, ooieed, and dal 

Pipul bhouUl be given model ately and cautiously, foi it is heating, and 
oauses an affection of the eye 

Fiom the Ttanspott Regulations, Transpoit of Troops by Sea, 1878, 
paragtaphs 36, 89, 89, 131, and 183 

"When eleplinuts are shipped, the deck on which they ire plnoeJ cannot 
be too well ventilated Wiiidsails should bo fixed wheiever piacticable 
Souppeis ^^itted with a 4-inch pipe) should bo cut m the deck, in real 
of the stalls, to cairy into the bilge the urine and uater used m clcTinng 
the stalls , placed wherever the w itei lies, two or tliiee on each side of 
the vessel , and covered thus J , not with “ roses ’’ 

Elephants (one foie-leg and both hiud-legs tetheied) no usually placed 
m the hold,* as they feel the motion less theie, pait of the planking ot 
the upper deck being icmovedfm the pm pose of ventilation If Iho bottom 
of the hold be not boarded, shingle, 2 oi 3 feet m depth, should be laid 
with a covering of sand In this case, 3 tons of sand, per elephant, pei 
peuod of 30 days, should be taken to allow of the old polluted sand being 
daily replaced with fresh clean sand, and to keep the elepliaut’s feet dry 

• Sergeant niiBecII, CommiEearlnt Dciinitment, bbjb— 

That be omtmked eighty elephants at Calcutta for Cliittagong lev theLooshai espediHon, on 
tUo rieci of vcBselB belonging to tho BrltlRh India Steam Navigation Company and four eiephante, 
tot the KUedh of tgj pt, on the decl of a Bteniner of tho P iind 0 Lino 
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and uninjured Care must be taken to pi event the pumps getting cLoked * 
Aspaie beitb, amidships, should be left foi a sick elephant This 
allows of a dead elephant being easily lemoved, if it be not done, the dead 
elephant has to be cut up This is an operation not only disagieeable, 
but one that excites the othei elephants See Plate III 

Fiom the Soldtei’ s Pochet-bool for Field Seivtce, hy Colonel Sir Garnet 
Wolseley, payee 37, 271, and 272 

The elephant becomes fit for work at 20 years of age, lasts well to 50 
or 60 yeais of age, can, when laden, keep up well with infantiy, is 
most tiaotable in disposition, is invaluable dining maiches, in countries 
flooded by lain, foi extracting caits, guns, and wagons that have stuck 
in the mud , is used in India foi the draught of siege-tiam guns 

Boloie taking the guns iindei fire, it is nccessaiy to have the elephants 
taken out and replaced by bullocks f 
The height of an elephant lauos from 10 to 11 feet|, his weight is 
about 6,600 lbs , a height of 15 feet should be left on bridges, where the 
trusses aie joined transversely oveihead Elephants cannot be made to 
crowd together 

IT X a' = 09 5qr feet the space oecnpied by a laden elephant 
11' X B' = C6 „ „ „ an unladen elephant 

13 owt = aveiago load of an elephant 
72 „ = gross load of animal and its burden 

23 8 „ = load on the two hind legs = of 

43 2 „ = „ „ foie „ = T% 

44 0 „ = possible maximum load, on one foot 

CiG 0 „ = weight of an elephant harnessed to a gun 
G 5 feet = distance between the fore and hind legs 
6 B „ = distance of the hind logs of the shaft elephant from the axle 
of the Umbel 

22 S „ = distance of the hmd logs of the leader elephant fiom the axle 
of the limbei 

Fi om the Iland-looh for Field Set vice, by General Left oy, pages 50 to 
52 and 426 

The elephant draws a gnn over narrow lavines where the space is so 

• Tbis piactIcQ seems to befraught witb dangor How aretho pumps tobekeptoloar of tlie sand? 
If clay weie toLon, tbo pomps would not be choked and tho clay might be useful as a doodoiiser 
On the use of siliceous eoTtb see 288 and on blaok earthj page 368 
t It Is QleoWhera stated that this ie unnccosaary 

1 ^ bis is eutiroly opposed to what is said by Mr Sandenson, the latest authority See page 26i 
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restricted that a team of hoises or bnllocL.s -would be unable to act, and 
manual labour would have to be employed, — or in a heavy, sandy, hilly 
country , feels hia way across a river when the bed is sandy and danger- 
ous, with the greatest caution, hesitates to proceed jf he discoveis a 
quicksand , and can extricate himself geiieially (if a little biubhwood be 
given) under ciicnmstances where a gun (with a team of bullocks or 
hoises) would piobably be lost 

During cool weathei, or at night-time, his pace is 3^ miles an horn, 
which can be maintained during a maich of 12 oi 14 miles, but when 
the weather is hot, the pace considerably diminishes 

Bis daily food consists of — 

14 to 16 tbs of coniso flour , 

80 lbs of green food * 

Two elephants— one m the shafts, the ottiei as leadei — aio reqiiiied 
foi the di aught of an 18-pi gun, oi 8-uich howitzer The following 
table gives necessaiy details of these two p'eces of oidnanoe — 


18 pr Ou» j 

S-tnch Bamlxei 

DefcnUs 

Cwt 

Qr 

lbs 

1 Details. 

|oivt ^ 

1 1 

Qi 

1 its 

Iron gun, 

42 



Iron gomor. 

21 



Carnage, 

40 

3 

10 

Carnage, 

20 

1 

6 

Limboi, 

16 

3 

13 

Limber, 

16 

S 

13 

^ J, Total, 


1 


Total, 

66 


10 

^,^tnianition. wagon. 

21 


8 

Ammunition wagon. 

21 

2 

G 

Limber, 

12 

3 

15 

Limbei, . 

10 

S 

16 

Total, 

33 

3 

23 

Total, . 

32 

2 

8 


' As 8Bgor oano grocn corn, Iobtos, biimches ol the snored flg tree and of the pipul Diy fodder 
Is not hex o meiUiigncd 
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The elephant draft-harness consists of— 

A latge pad, which completely coveia the animal from the witheis, cnmiiif? 
well on the quaiters down on both sides, low enough to piovent the skm 
from being chafed by the shaft or dialt chains 
A small pad, on tho top of the laige pad, to pioteet the back 
A pad, well shifted with stiaw, on nliich tho saddle is placed 
A saddle, whereby tho giiths can bo attached 

A bieast piece and cinppei, to preient the saddle from shifting forwaids or 
hackwaids 

The back bands foi upholding tho shafts 

The bieochings, hooking on to the shaft, to back against when going down a 
slope 

Tho stinups foi the driver’s ieet 

It will be noticed that the elephant pulle from the girth, to whith, by a 
hook, tho dianght and shaft-chains nie attached See Plate I 

The weigiit of— 


The pair of shafts 2 18 

Tho shalt-elephaut harness, 4 S i 

„ leider „ 4 0 26 

Total, 11 1 10 


The skill of an elephant is veiy thick, yet o\tremely senailive, and 
easily worked into soits 

For these reasons, oleijhants are ncToi branded * 

Ft 0711 “ Till/ teen yeaie with the Wild BeasU oj India , " hy Sanderson 
The height to which elephants attain is gieatly oxaggciated , out of 
hundieds of tame and newly-caught elephants m Soutliein India, in 
Bengal, m othei paits of India, and in Buimn, only one leaohed a 
height of 9}-§ feet at the shouldei This elephant belonged to the 
Madras Commissaiiat Stud at Holism 

There is little doubt that theie is not an elephant measuimg 10 feet 
in height in India 

An elephant’s height is almost exactly twice the giith of his foot 
The African elephant is, accoiding to Sii Samuel Baker, one foot 
tallei than tho Asiatic See Plate II 
It is piobable that the elephant lives— 
m a wild state to an ago of 150 years 
„ tame „ „ 80 to 120 years 

The propel management of the elephants attached to the Mihtaiy and 
other depaitments in India is a subject of much impoitaiice 
All elephant attendants are guided m their conduct by two great pnnciples 
• See tnWo page 
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(1) To spaio Ihemsebes woik 

(2) Ami to maku us mui.li iis Hiej cun out of tlicii oleplmnts’ intions 
Tlicv should hobble the uniiiiiils easily, and turn them out to giayc and stictch 

then limbs till wanted When tlieie aie fields neai, one attendant can accompany 
the elephant to prmuit its doing damage 
If the elp|ih int bus to bung in its own toddei, it should do so in the cool horns of 
the moining and ci tiling 

Ml ailments to which elephants arc subject are diiectly, or mdiioctly, caused by 
insnflicicnt feeding Undti fed they hcconie weak and unable to stand exposuie , 
caniint paifiiim then woik , and aie evposod to sun stioko and soio back 
111 a mid state, the elephant goes to no cxiess in any of its habits , and tlieie la 
no loasoii, sate bad feeding whj the into of mortality should bo so high as it nii- 
happilj IS among the Government elephants in India The actual work they have 
to peifoim IS seldom arduous enough to affect the health 

The amount of foddei itqmieil is inneli greatei than is usually sup- 
posed The following table shows the daily Govoimiient allowance — 



Bengal I 

Madras 


lbs 

lbs 

Green fodder, glasses, sngai cone, branches, 

too 

260 

Or in heu of the above, diy loddci stalks ot cut gieen, 

240 

125 


But, by iiunioiniis cxpeiiinents, it has been found that a full giown elephant will 
consume m eighteen horns between COO and 700 lbs of giecn todder, exclusiio of 
that thiown aside Belore full si/ed elephants, the minimum nllowaneo per diem 
should be 800 Ills of gieon foddci , the fodder must ho good, oi it will bo insufficient 

As much as an elephant enn bung in on his back may bo considoied os bis pioper 
daily supplj 

In the Bengal Commissaiint Depnitmentit has been piovod that an clenlumt will 
eat daily 750 I6s oi sugai cane, whith is a moit nouushiug food than 800 Bs of 
ordiiiarj gicen fodder 

The following table shows the cost of keeping a female elephant of full 
size in the Commissaiiat Dopiitments of Bengal and Madias — 




Bengal 1 

Madrna 

Elephant diivei, 

Glass cutter 

Uncooked rice, 

Allowance for medicines, 
Eodder allowance, 

1 

ns A 
C 0 
fl 0 
»8 7 

0 13 
t3 12 

0 

0 0 
i-25 0 

2 0 

6 0 


Total pel mensem, 

24 0 

48 0 


• ISlba ofrico at 04 lbs penupcc 
f 25 Ibe of rICG at 30 lbs pei rupee 
t AtiftDnaaperdlcm 
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The chief foddei of tame elephants should consist of vaiions kinds of glasses, which 
in India, giow to conbideiable length and thickness But when these LSimot be pin 
cuicd, thei are icstiictcd to leans and blanches of tices, which do not foim a nutuial 
diet Wild eh pluints eat spaiingly of this foddci 

When well tod, theie is no animal less liable to sickness 

Elepbant-diiveia usually tell the age of an elephant toleiably coi- 
rectly — ■ 

A young animal, of full size, oi a very old one, cannot be mistaken , but it re- 
quucs niiich experience to estimate those of middle age 

The old elephant is iisnall} in pool condition , the skin looks sliming and shiiiol 
led , the head is loan and nigged the temples and ejes aie sunken the foie logs, 
instead of bulging out above the knee with muscle, aie almost of the same girth 
thiongliont 

He bungs the foot to the gionnd after the mannei of a plantigrade animal touch 
ing with the heels /list 

But in debilitated oi middle aged animals, the above symptoms may be piesont in 
greatci 01 less dcgiee 

The elephant s cai will piohahlv settle the question In very young elephants, up 
to SIX 01 seven jeais, the top of the eai is not tinned ovci as in man With advanc 
mg 3 enis, it laps ovei, and its lovvci td„c is ragged and tom 

The elephant IS fnll-gio«n, but uot mature, at 25 years of age, and 
full of vigoiu till 35 yeais 

An elephant can only walk, oi shuffle, at a late of 15 miles per hour for 
a shoit distance, can neithei tiot, cautei, noi gallop , does not move 
with the legs on the same side logethei, but neaily so , can neithei jump, 
raise all font feet off the gionnd, nor make the smallest spiiiig, in height 
01 lioiirontal distance 

A tiench 7 feet wide is impassable to an elephant, although the stiide 
of a large one is feet 

The ilephants whole dial aotei is pcivadod by extieme timidity, and 
to tins must be ascubed much of the thaigiiig when a herd is suddenly 
encounttied 

Eeal vice is a thing almost unknown Natives attach less impoitance 
than Euiopeniis to the tempei of elephants, all can be managed by some 
means, and the possession of an uniuly animal, if of good hguie, is re- 
garded as dpsiiable lathei than otheiwise 

If flight it any tune be necessary, it should be down the steepest place 
at hand, as elephants feai to tiust themselyes on a rapid descent at a 
gieat pace Up-hill, on the level, or on broken gionnd, a man would at 
once be overtaken 
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When a shot is fired at a herd, the whole mass together, shrinking at 
each shot, till the smoke and smell alarm them 

Doubtless, they believe the noise to be thunder close at hand 
When elephants are close at hand, in indecision, no one should shout 
to turn them A charge, by one or more, is almost sure to be made 
When a held makes off, it goes at a great pace for a short while, after- 
wards it settles into a fast walk, which is kept up for 10 or 15 miles 
A female with a young calf is more likely to attack a man than ^"iyths 
of the male elephants 

Sir Samuel Bakei considers the elephant savage, wary and revengeful , 
Sii Emerson Tennent, the reverse 

Though the elephant has little in his natinc that can be called savage 
or revengeful, he is certainly neither imbecile nor incapable 
If an elephant discover the approach of men at a distance, he almost 
invariably moves off, but should a man suddenly appear within a few 
yards, he will be more likely than any other animal to charge 
Though excellent swimmer^ they are occasionally diowned 
Thus m crossing the Kumafulie Rivei, 240 feet wide, 30 feet deep, a 
wild tusker, secured to two tame female elephants, sank (probably through 
cramp) dragging the two females after him All three wore drowned 
the loss was — 

& 

The tnsker, 600 

Two females, _ 600 

Total loss, £1,200 

It IS lare for the lemams of an elephant to be found m the jungles In 
Ceylon it is believed that elephants about to die resort to a valley in 
Saffragam, among the mountams to the east of Adam’s peak 

Elephants, tame or wild, suffer fiom an epidemic resemblmg murrain 
It attacked the elephants m the Government Stud at Dacca, m Bengal, 
in 1848, and carried off nearly 60 per cent out of a total of three hun- 
dred It lasted for ten years — 

The symptoms were breakings ont and gathenngs on the throat and legs , spots on 
the tongue and mnning from the ayes With the cessation of the flow from the eyes 
the animals usually died on the second day after the attack 
In 1862 an opidemio of this sort corned off large numbers of wild elephants in the 
Chittagong forests , later the herds in Maisnr suffered 
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The moat commoji ailment amongst elephants is Gaorba’hd, which is of two 

In the dropaieal form, the neck, chest, abdomen and legs swell with accnmnlations 
of watei beneath the skin 

In the wastmg Qaarba’hd, tlie animal falls gracinally away to mere skin and bone 
The disease, in both its forms, is eiceodingly fatal , it occnrs chiefly in newly- 
caught animals, induced by the radical change introduced in food and habits 
Freedom from nnnocessary restrnmt, hbcity to graze at will, protection from nil 
debilitating causes (snob os cxposuie to anu, or inclement weathei) are the best pre- 
ventives and restoratives Medicine is ot little avail , and if the disease becomes 
serious, there is every piobabihty of a fatal termination 

Sora-baoks, fiom the chafing of gear, are very tedious to cure The 
elephant-dnvers usually allow the wounds to heal on the surface, while 
misohief is going on within The best treatment consists of — 

A free use of the knife 
Core in cleansiDg the wound 

The application of turpentine impregnated with camphor 
The filling of deep harrowing holes m sore backs vrith tow, steeped in camphor- 
ated tarpentine 

The keeping of a cloth, steeped m Margoaa oil, over the wound 
When elephants require a pmgatiye, they eat a black soil impregnated 
with natron Purging ensues m twelve to twenty-four hours 
An elephant becomes foot-sore from woiking in giavelly or stony soil , 
does not limp, but goes more slowly and tenderly Eeat is the best treat- 
ment 

It 18 probable that a female elephant may have two calves at a birth* , 
many wild female elephants are accompanied by two or even three calves 
of different ages 

Elephants breed once m 2^ years , two calves are usually sucking at 
the same time 

At the time of birth a calf stands 3 feet at the shoulder , its trunk la 
10 inches long , its weight 200 lbs It lives entirely upon milk till six 
months old, when it eats a little tender grass , it drinks with its mouth 
The female elephant evinces no peculiar attachment to her offspnng 
The elephant rarely breeds in confinement This is due to the segre- 
gation of the sexes, to insuffioieiit food, and to hard work In Burma 
and Siam, they are bred m a semi-wild state 
In India from an economic view, it would not answer to bread ele- 
phants as befoie they were of useful age (15 years), they would have cost 

* See pago 347 
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more than would suflSoQ to capture a numbei of mature wild ones, ready 
for work 

When an alarm occurs in a herd, the calves immediately vanish under 
their mothois, and are seldom again seen The mothers help then off- 
spring up steep places with a push behind, and manage to get them 
cleverly over every difSoulty 

Female elephants usually give biith to their first calf at 16 years, some- 
times at 13 or 14 

The peiiod of gestation is said to be — 

22 months m the case of a male calf 
18 months „ female „ 

The female elephant may conceive eight or ten months aftei calving 

Male elephants of mature age are subject to peiiodical paroxysms, sup- 
posed to be of a sexual nature In this state they are said to be “ mast,” 
01 mad 

Fits of mast vaiy m delation in diffoient animals , in some they last for a few 
weeks, in others for four or five months 

In this state they are sometimes violent and intractable , sometimes drowsy and 
lethargic The approach of the mast period is indicated by the flow of an oilv matter 
from the small hole in the temple, on each side of the head, found in all elephants, 
male or female The temples also swell 

On the first indications, the elephant should bo strongly secured , if he becomes 
dangerous, food is thrown to him, and watoi supplied in a trough pushed within his 
roach 

Fatal accidents are of common occnnence , they attack man, or their own species 

Some male elephants have these fits at long intervals , some have them regulaily 
They occur in wild individuals, in the cold weather, from November to Febrtiniy It 
is believed that the wild (unlike the lame) elephant shows no violence at this period 
It larely takes place in animals much below par, or under 30 years of age, though 
tuskers breed from the age of twenty years 

The flow of mast seldom occurs in the vnld female elephant , and never in the 
tame 

The elephant’s chief qualities are — 

Obedience 

Gentleness 

Patience 

He 18 excelled in these by no domestic animal , evinces rarely any ir- 
ritation under ciroumetances of the greatest discomfort (such as exposure 
to the sun, painful surgical operations) , refuses rarely to do that which 
he is lequued if he undeistands the nature of the demand, unless it be 
something of which he is afraid , is very timid, both in his wild and 
domesticated state, and is easily excited by anything stiange 
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The elephADt is essentially a native’s animal * The tiade of selling 
and buying, his capturing, training and keeping are in natives’ hands 
Elephants are divided into thiee classes — 

Koomenah or tlioiongh bred 
Dwaaala or half bred 
Mirga or third late 

Whole breeds may consist of Dwasala, but never of Koomoriahs, or 
Mirgas alone 

The parts of a Koomenah are — 

Barrel deep and of great girth , legs short (especially the hmd ones) and colossal , 
the front pair convex on the front side, from the development of muscle, back 
straight and fiat bat sloping from shoulder to tail, as a standing elephant must be 
high m front , head and chest massive, neck thick and short , trank broad at the base 
and heavy throoghout hump between the eyes prominent , cheeks fall, eyes full, 
bright and kindly , hind quarters squaio and plump , the skin rumpled, inclining to 
folds at the root of the tail, and soft , tail long and well fcathoied 

If the face, base of trunlc and ears be blotched with cream colouiod mai kings, the 
animal’s value is enhanced 

The Dwasala class comprises all those below this standard, not des- 
cending so low as the third class 

The parts of a Mirga are — 

Legginoss, lankmesa and wcedincss , arched sharp ridged back, difficult to load and 
liable to galling , trunk thin, flabby and pendulous , neck long and lean , falling off 
behind , hide thin , head small , evo, piggish and restless , and altogether unthiifty, 
which no feeding improves 

He 18 generally fast 

See Plates I and II 

The tusks of the Asiatic elephants are smaller than those of the 
African 

Details of the largest known tusk of au Indian elephant are given 
below — 



1 




1 Bight 

1 Left 

Total length, outside curve, 

Length of part outside socket, or nasal bones, outside 

Feet 

8 

0 

reet 

Inch 

3 

Length of part inside socket, outside curve. 

6 




2 




Greatest circumference. 

Weight, . 

1 

ffiaSO 

49 

1 

n5a49 



* Hence the value of Information like OiateWcn by Abfi 1 Vazl Sw page SIS 
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The tusks are fairly embedded m sockets of bone, running up to the 
fore-head, and ending at a line drawn from eye to eye , are (save in the 
case of very aged elephants) only solid for a portion of their length, the 
hollow being filled with a fine bloody pulp , are solid m young animals, 
for a portion only of their length outside the gum , appear at birth and 
are supposed to be peimanent With age the pulp cavity decreases m 
depth, till in old animals it becomes almost obliterated As a rule, tusks 
show barely one-half of their total length outside the jaw of a hving 
animal Of a laige elephant — 

The sockets or nasal bone in length are, 1 ft 6 in to 1 ft. 9 in 

The portion hidden by the gum is, 1 ft m 

An estimate of the calibre of a wild tuskei may bo gathered by the 
impression of his tusk m the soil One that will admit five fingers m 
the gioovo 18 well woith following 

The tusks may easily be removed by hand if the beast be left dead for 
ten days If they be cut out at once, the flesh along the nasal bones up 
to the eye must be removed, and the tusk-oases split with a hatchet , 
they are usually blemished m the process 

Tusks though not used to assist the elephant in procurmg food, are not 
useless appendages, but amongst the most formidable of any weapons 
with which nature has furnished her creatures, and none are used with 
greater address Small trees are overturned by pushing with the curled 
trunk, or feet, if necessary To get at the core of a palm-tree , or to 
break up a plantam, the pressure of the foot alone is used 

In a herd, the tuskers maintain the height of discipline , every indi- 
vidual gives way to them, and, m serious fights amongst themselves, 
one IS frequently killed outright 

Superiority appears to attach to the different tuskers in proportion to 
the size of their tusks , no tusker thinks of serious rivalry with one of 
heavier calibre than himself 

In the “ khedas ” of Mysore, two tame tuskers (taller and with longer 
tusks than any wild ones captured) were sufficient to awe the most obstrep- 
erous wild male, whilst the men secured him 

The tame elephant’s tusks were out blunt , but steel glaives were ready 
to slip on , and they could, with these, have killed any elephant in a 
short time 

In India “ Mulchnas," or male elephants boin without tusks, are rare 
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Mnkhnaa can hardly be dietinginshcd from females , bat if fall giown, their sap 
enot size shows thou sex Their tushes are geneially a little longer and thicker than 
those of female elephants They are stouter and more rigoious than tuskers , are 
generally ill treated by the tuskers of the herd upon whom they are poweiless to re 
taliate , and hence are sometimes timid 

The absence of tusks is an accidental circumstance, as the wont of beard or whiskers 
in a man Mnkhnas breed in the herd, and the peculiaiity is not transmitted This 
13 a known fact, demonstrated by the occasional occurrence of tuskeis (doubtless 
from tiiskless sires) m Ceylon herds 

In Gejlonumale elephant with tusks is rare Sir S Baker says that not more 
than 1 in 300 are provided with them 

In Mysore and Bengal, in 1874-76, out of 140 elephants, (of which 61 were 
males,) only 6 wore mnkhnas 

Elephants occasionally lose one tusk (sometimes both) by accidents m 
the jungle , and some have only one tusk at bnth The latter aie known 
as Gunesh (the Hindu God of Wisdom) , and, are reverenced, if the tusk 
existing be the right hand one 

The Indian female elephant is always born with tushes 4 inches in 
length outside of the gum , these, while present, are used for stripping 
barb of trees , but they are geneially broken off early m life, and are 
never renewed 

It may be mentioned that elephants’ bones are solid, without marrow 
The trunk, a delicate and sensitive organ, never used for rough work, 
18 used to procure food and water, and to convey them to the mouth In 
a dangerous situation, it is curled up , if upraised in attack, it would 
obstruct the animal’s sight 

la carrying a light log, they hold it in the mouth as a dog does a stick, 
balancing it with the trunk 

Tuskers use their tnsk for this and similar purposes, and are conse- 
quently more valuable than females 
An elephant pushes with the lose of the trunk, one foot below the eye 
The trunk is rarely used for strikmg Newly-caught elephants curl 
their trunks and rush at the mtruder 
In dnnking, only fifteen inches of the end of the trunk are filled with 
water at a time 

The trunk of a wild elephant is occasionally out by the sharp edges of 
spht bamboos while feedmg 

When an accident happens, which prevents him from using his trunk 
foi pioourmg water, he drinks by wading into deep watei and immersing 
his mouth 
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An elephant is taught to trumpet by the extremity of hia trunk being 
tightly grasped between the hands, when he is obliged to breathe thiough 
the mouth, in doing which he makes a loud sonorous sound 

The elephants at tho elephant depot {pil-hhdna), at Dacca, are better 
trained than those in Southern India 

The pil-kh&na covers a quarter of a mile, it consists of an intienched 
quadrangulai ground m which the elephant’s pickets are arranged in 
rows At each picket is a masonry flooring with post at the head and 
foot to which the animals are secured In a shed many hundred feet 
long running along one side, the elephants are kept during tho heat of 
the day 
There are — 

A hospital for siek elephants 
Houses foi gear 
A room for the Native Doctor 
A shelter for howdahs 
The annual captures — 

Between 1836-1839, were 69 
„ 1869-1870 „ 69 

The hunting season is fiom December to April, and the training season, 
from May to November 

In India the wild elephant enjoys perfect immunity— 

Throughout the Western Ghats, 

In the jungles at the foot of the Himalayas, 

In Burma, 

In Siam, 

The number annually caught is very small In Southern India ele- 

• Mr Sanderson poemB to doubt whotbor there is such on imimal as a white elephant 
In the Sikandar nAma bj the Persian poet ShnUth NhsAml, AD 1181 ctranalated hy Wilborforce 
Olarke) Discourse 6S, couplet 2), we have — 

Tho King (Sikandar), lobust of body posaested of a thousand hopes 
^sw JA) (_Aj jJ tiwiJ ^ Bound his loins on tho hack of a toAKe elephant 
SCO also page UB of this Note, 

Tho tenderness of tho elephant s foot was well known to the Porslans In tho Sikandar ndma, Dls 
course 46, oouplot 00, we hare — 

Irsteadof oontesb ^vlth hiixij I will oliocse departure , 
Attheelapliantstoot, IcostnottlilB^ctabba ' 

The *' dabba wfta a leathern bag fillod gravel which they used to stride upon the elephant g 
feet (the TDOht tender part of hi9 body} to mnfce him fnriougt 
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phants have become so numerous of late years, that the rifle will have 
to be again called into requisition to protect the peasants from their 
depredations 

In Oeyton and in Africa, the elephant has gieatly decreased in numbers * 
The full strength of the elephant establishment in the Lowei Com- 
miasaiiat Circle ot Bengal is 1,000 of these, the casualties in the year 


1874-75 were as follows — 

Tailing in traps, I 

lar/B, .. 5 

Stomach diseases, G 

Calving, 3 

Zahi bid, 26 

Fever, , 4 

Injuries, • 4 

Biain congestion, . 1 

Apoplexy, . 11 

Dysonlory, . B 

Cohc, . S 

Vomiting, , 1 

InSammntion of lungs or bowels, g 


Internal diseases, • 15 

13 


Total Casualties, 114 or II 4 
per cent 

The wild elephant’s attack is one of the noblest sights of the chase — 

The cocked ears end forehead present an immense frontage , the head is held high 
vnth the trank cmled between the tusks, ready to be uncoiled at the moment of at 
tacK , the massive foie legs come down with the force and regulality of ponderous 
machinery 

The trunk being curled and unable to emit any sound, the attack, after the pre- 
monitory shriek, is made in silence 

In herds, the rear-guard should be examined for tuskers, as they sel- 
dom go m front The most ordinary precaution will enable a sportsman 
to move to withm a few yaids of them, if m cover, so long as they keep 
the wind It is seldom that they cannot be approached to withm 10 yards 

A tusker rarely undertakes to cover the retreat of a herd, but takes a 
line of his own when danger threatens 

• It is mnoli to bo Ucsirecl that, ns In India, menna ehonld bo taken to piosorvo tbis valnaMo beast 
m Csylon and Africa 


Debility, 

Drowned, 

Cold, 

Destroyed, 
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Tile alum of maii’t. piehenoe is usually coiumumcateJ by tlic dcpliaut 
that discovins it by a peculiai shoit sliiiefc, which can be distinguiblied 
fiom all othei soniitls 

If haul picsscd, fcmiles with caivts will turn upon their pursiieis 
The stampede of a heid is ovoiwlielniiiig , amidst the ciu&hiiig of bam- 
boos ind tiaiiiig down of cieepeis from high tiers, it is foi a nioment 
nnpossiblo to say which way they aie making The best thing it> to 
stand still against atiee, oi bamboo clump Elepli Hits no pooi-sigbted, 
and so intent on making off when staillcd, that oue ma) be buished by 
them without being diseoieied 

111 the case of a dead elephant, the carcase swells to an enormous 
siFB, the legs on the nppeiinost side beeome stiff nuJ pioject lioimou- 
tally Many luindreds ot \uHmes eollect ou tiees or fight foi a seat on 
the oaiease, awaiting the time when they can nuke a commencement 
At the end of six days, when the caicasc buists and collapses with 
lottenness, it is oiawliiig with miliums of maggots and white washed 
with the dioppmgs of the filthy buds 

The spot lesoniids with the buz/ing of flies, and the stench is so gieat 
as to be perceiYable half a mile to kewaid 

In a faiv houis, the vultuies ledneo the caicase to a pile of hones and 
a heap of indigested glass 

'When the biuls have left, the whole neighbourhood is peiraded with 
the pungent odoiii of guano , and the site of then feast is ti iniplod into 
a puddle by then feet 

Wild hogs not uiilrequently feed upon the caicase, and it is not un- 
likely (as stated by the natives) that tigeis also do 

The foot of the elephant makes an exeelleiit foot-stool , the round 
foie-feot are bettei thm the o\al hind 

The foot should be cut off a few luehes below tlie knees , be freed of 
the bones and flesh, be well lubbed inside and outside with arsenical 
soap and folded away foi packing , be softeued m hot watei aftci the 
spoilsman’s letiiin to head qnarteis, and luhbed with aisenieal soap, 
and be placed, filled with sand, in the sun, all loss by shnnkmg being 
pn evented by frequent lamming When tlioioughly Imid and dry, the 
sand must be lemoeed, the feet stufled with ooii , the nails sciaped till 
white, and the skin coveied with lainp-blatlc 

Both skill and nails should then be varnished, and the top of the foot 
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covered witli panthei’s skin secured round the edge with large-headed 
brass oi silver nails 

Small feet — with a tray inside, and a mahogany or silvei lul surmount- 
ed hy a small silver elephant to lift it off by — make good cheroot-boxes 
They will seive also as inkstands, ladies’ boxes, &c 

Fioin Emeison Tennent's “ Ceylon, ” Vol 2, Fart 8 

The economy of maintaining a stud of elephants for the pniposes to 
which they aie assigned in Ceylon is questionable In wild paits of the 
country, wheie riveis have to be forded and forests are only traversed by 
junglo-paths, then labom is of value But, in moie highly civilized dis- 
tiiots, and whorovei macadamized roads admit of the employment of 
horses and oxen, the services of elephants might giadually be dispensed 
with 

The love of the elephant foi coolness and shade lenders him impatient 
of work in the sun, and every moment of leisure he can snatch is em- 
ployed in covering his back with dust, or fanning himself to dimmish the 
annoyance of insects and heat Prom the tenderness of his skin and its 
liability to sores, the hboui in which he can most advantageously be 
employed IS that of draught, but the reluctance of hoises to meet or 
pass elephants lendeis it difhuilt to work the latter with safety on fie- 
qiientod roads Besides, where the full load of which an elephant is 
capable of diawing, to be placed upon a wagon, the injury to loads and 
budges would bo great, and, by limiting the weight to tons, it is 
doubtful whether an elephant performs so much moie work than a horse 
as to compensate for the greater cost ot its feeding and attendance 

From ulcoiated abiasions of the skin and illness of many kinds, the 
elephant is so often invalided that the actual cost of his labour, when at 
work, is greatly enhanced 

The expenses of an elephant (excluding the salaiies of higher ofiSceis 
and permanent chaiges, but including the wages of thiee attendants and 
cost of his food and medicme), vanes fiom 3 to 4^ shillings pei diem, 
aocoidiug to his size and class 

If he be employed (as is usual) four days out of seven, the charge 
poi diem would be shillings The cost of a dray horse could not 
exceed 2| shillings, and two would do more work than an elephant under 
the present system 
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As a beast of buiden, ho is unsatisfactory, foi it is diflScnlt to pack 
any weight without causing abrasions that aftei wards ulcerate His skin 
18 easily chafed, m wet weather, by harness , his foet duiing long draughts, 
or too much moistuie, are liable to soies, which lender him uon-eflective for 
months , his eyes aie liable to frequent mflammation, in the leheviug of 
which native elephant doctors are happily skilled , whether wild oi tame, 
ho Buffeis severely in times of muirain, and is, on being flist put to work, 
liable to severe and often fatal swellings of the jaw and abdomen 

Between 1831 and 1856 240 elephants died The following table 
gives details of 138 of these — 



The elephant’s obedience to his keeper is the reshlt of affection and of 
fear 


If the attendant’s eye be withdrawn, the moment he has done the thing 
immediately in hand, he will stroll away to browse, or to fan himself 
He IB guided by what is called — 

Lendeo in Ceylon 

Gaj bSg , aufcua , ankus in Bengal 
Cuspis in Latin 
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The most ticious and tionblosome elephants to tame and the iiiost 
woithloss when tamed, aie those distinguished by a thm tuuiL iiid flaliliy 
peiiduluiis eais 

The peiiod of tuition does not depend upon the bulk, some of the 
smallest give the gieatost trouble , the inahs aicgeneially inoio iinm iii- 
ageable than the females, those most obotuiate and violent it hist aio 
the soonest subdued , those sullen and moioae aic i iicly to be tiustnl in 
aftei life 

The elephant of Ifiioa was tamed, but not to the same degiee as Lho 
animals of India, by the Carthaginians 

The elephant partuulaily dislikes the sound of dah 1 dah ! 

The poifection of foim consists m — 

Softness ut the skin lod coloni of the mouth and tongue , foicliend evpnndcd and 
hollow , ears Inigt and icctangnlar , hank broad at the lOot and hlotehed with pink 
in fiont , tveg blight and lundlj , cbeel a laigo , neck full , back lei el cheat squai o 
foie hgs ahoit convex in front , hind quarter phinip , and flic nails on each foot all 
smooth, polished and ronnd 

Such an elephant cannot bo discovered among thousands 

The colom of the animal’s slnn in a state of natuie is of a lighter 
blown than when m captnity This is due to caie m bathing and m 
nibbing then skins with a soft stone, a lump of biuut clay, oi the eoaiso 
hnsk of a cocoannt 

The expoit of elephants fiom Ceylon to India has been gomg on since 
the hist Pnmc war 

There aie few places wheie man can go that an elephant cannot follow, 

pi ovided there be space to admit hiB bulk, and Solidity to withstand his 
Weight 

It IS to the stincluio of the knee joint that the elephant is indibted 
for his singular facility m ascending and deseending steep aeclnitips, 
climbing locks, tiaveising piecipikms ledges where even a mule claie nut 
ventuie 

The spoor of an elephant was in 1840, found on Adam’s peak, 7,420 
feet m height, on a pinnacle which pilgrims with difficulty climb 

The range of vision is circumsciibed , he lelies on bis poweis of heaimg 
and smelling, which are veiy acute 

• At the present time It is hcltoved that there Is not a slncle tame African elephant In the worlS 
The /ni(io,iZ),„ipjVOTjot the 7th May 1819 says -IheBiitlah Iiiaiau Compaiij s Stcamoi Chiu 

sura is being attm for the rcoopt, on of lour olophants, whioharo to be Bhlpped horn Bombay to 

Zanaiboi for the two of tho expedition to Central Ui ico ataited by the King of the BeJgltina 
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The sounds winch he mnlces nro of Ihreo kinds — 

The fii't, hliwiiic, Hiionf,h the tuink, iiidiiatnc of pleasure 
The sennid, piodiii cd In (lie nioiitli, expitssne of nnnt 
Tl\c tliiul piotCLitm^ tioni the thioiit, a tcuilic roai of anget 

111 ciptnity, when stindiiig at rest, some ckphants move tho head 
monotonously m a tiiole, oi from light to left and swing then feet hack- 
waids and font iids , othois flap then eais, swing themselves fiom side to 
Bide, and use and sink by alteinately hendiiig and stiaighteuing thofoie- 
kiiee In shoit, then tempeiament is fidgetty 

Duiiiig tliiindei strums, wild elephants hasten fiom the foiests to open 
groiiiirl, wheie they lemam till the lightning ceases 

Even when chaiging, an elephant will hesitate ciossiiig an inteivemng 
hedge, blit will seek foi an opening Fields enclosed with lentes of sticks 
— 1 inch in diametei and 5 to C feet in height — aie safe flora his imoad 
In the div beds of iiveis, elephants scoop out the sand to the depth 
of 4 01 5 feet to obtain watei , one side of the pool foima a shelving 
appioiich so that they can leach the watei easily 

Hie logue, 01 sohtaiy, elephant is supposed to be a wild elephant who 
has by accident become sepaiated fiom bis own heid, oi a tame one who 
has escaped 

Although two loguee may be m the same vicinity, they do not asso- 
ciate , the logue is supposed to be always of the male sex 

Fiom tliui closei contact with man, these outcasts become disabused 
of many of the teiiois which lender the oidmaiy elephant timid 
Fiom the levised 3Iemoi andum of Instruciioni legaiditig cm a and leep 
of Elephants, ly the Conmissai y Geneial, Bengal 

Elephants (average weight, full sive, 6,740 lbs ) should be ladeu and unladen ex 
peditiously , Bhould not be kept kneeling oi standing , should not be overloaded, oi 
einplovcd foi put poses othci than those foi which supplied 

After a march, the animal should stand for a while with the pad on to cool , when 
it isiemoved, hot water and salt should bo lubbed into the back, after tiavclhng 
ovei lOUgh and stony giound, chole should be applied to the feet Six hours’ work 
in the cool of the moimng is a good da_, ’s work Elephants should bo bathed twice a 
dnj when halting, and he well rubbed down while in the watei , should not be bathed 
when infested with worms (Nnga) , should be watered twice a day, flora wells oi 
running stieamS, when cool , should be sent foi fodder one hom after aiTival in campj 
should be watei ed on bnnging in their foddei, picketed under trees (oi with jhfils in 
the sun) with then day's foddei before them, paraded at 6 or 7 P M , to eat their flour 
or lice cake, after the afternoon bath, and then picketed (if possible on open ground, 
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With their mghfs allowaBce of foddei before them , should, la the cold season nhra} s 
weal jhuls when standing , should not ha picketed by the fore foot uiiless ncctbu uj , 
and should be daily examined as to the feet, for injury from tieading on bones, 
thoins, or burnt grass, &c 

Tree foddei is beating and should bo given in the iiims only , plantain trees should 
be cut in pieces 1 foot in length 

Fodder, weighed, shonld be always before the animals The dailj allownnco is 110 
lbs green, or 246 lbs dry 

Floui should be inspected, weighed, cooked and given at once to the nmnials to 
avoid pilfering , eight slis of nee flour should weigh 10 siis 4 chhatlks nhen cooked 

Riee shonld be given, m small quantities, tied up in straw, by the band 

Neither flour, nor iicc, should be giien when elephants eat earth to expel worms * 

Fodder and coarse floni me to be given by the gomashta (clerk) , masalib (spices 
or drugs) by the Executive Commissariat Officer 

Elephants shonld be taken ofi duty it they show any signs of illness , and, when 
galled, made over to the neaiest Commissariat Officer with a leport as to the cause 
of the injury 

Elephant-dnvers failing to report the slightest signs of galls should bo severely 
punished The backs are to be daily examined and — if the back be swollen or bear 
the appearance of abrasion— camels and carts aie to be emplojed in the following 
propoition — 

8 Camels = 8 or 4 Bullock carts = 1 Elephant 

Pads should be kept well filled, and inspected daily and the gaddi filled with 
coarse sholA (pith) instead of grass as it is cooler, lighter, and less absorbent All 
over Lower Bengal, shold is obtainable 

Elephant drivers shonld bo reported for ill treating or neglecting their animals, for 
making a noise to pievent their sleeping, for allowing them to leave then pn kets 
under coolies, and for giving drags (masdllh) They are not allowed to sit upon tho 
baggage (as they then uee a long speai), to cut fodder from trees near villages, sacred 
places, 01 Bolds, noi to use the gaj bag, save wheie in charge of “ mast ” animals 
Ih the case of Civil Departments, elephants — 

(a) ore to bo applied for only when no other suitable eairiage is available , 

(b) are not to be taken SO miles from their stations , 

(c) are to be made good, at the cost of the Civil Department by which they 

weie employed, when returned injured, or out of condition , 

(d) are to be lent only when of good temper 

Each elephant shonld be provided with — 

Weight 

1 Bandban 38 sirs | 

1 Ben (anklets) 22 „ V fetteis 

1 Phans (noose) 14 „ J 

All “mast” elephants, when going to faed, to water, or on duty, 
should wear fetters Gear and fetters should ba inspected at muster and 
weekly parades f 


• see pages its W, 38t imd 3S8 

1 The gear appears to be tbe same as that given on page 2fil The aSr ie equal to p Iba. 



The foUowiDg table gives detads of the foddei* which can be given to elephants 





Cooling, wholesome, ; 
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Elephants will leceive, when “mast,” half lations of coaise flour or 
rice, the cost of the diffeience being laid out in green lodder, when eating 
earth (for woims), none * 

In crossing uveis, an unloaded elephant should act as pioneer, any in 
a heated state should not be allowed to oioss It he gota into quicksand, 
give hianches and watei to loosen the sand 

The tusks should be cut at a distance fiom the hp equal to that from 
the eye to the lip In young animals, this distance is insufficient It the 
medullary pulp be leached, it bleeds aftei the opeiation, and the tusks 
split and decay If the whole tusk split up to the loot, out off wlieie it 
touches the gum Tusks that aie cut should be piotected with brass 
(not iron) rings 

The geneial appearance should be ns follows — - 

A good elephant should have shoit and stout limhs, the shoulder somewhat higher 
than the lump , back sboit and somewhat bowed or, as it is teimed, hoj, bucked t 
When pioperly M, such elephants become rapidly louiul sided, and retain their con 
dition well Uepbants with long, high iidged, straight backs are not so strong as 
those above noted, neithei do Ihci keep their condition so well, uiid in woik tlieir 
flesh soon falls away fioin the back bone, leaving it exposed and very liable to rub 
into sores from the friction ot the loads 

'I he tiunk should be long and well stretched , the extremity ot the tail large and 
bushy , the cais large and conatautly in motion 

Aajfs and feet —Make the animal he down, and examine the toe nails most care 
fully, if splits of any kind be discoveiable in the nails the animal should bo rijected 
Tap the foot all 01 ei the sole with the point of a walking stick, to discover tender 

The lower part of the foot and above the nails should bo fice from any rough, 
or scaly, pieces of flesh which are veiy troublesome in wet weather, and likely to 
get into sores The natives call it “ chajoon ” These superfluities should be pnied 
off 

jdcficM— In examining an elephant, make your own mnhSwnt (elephant dnvir) 
urge him to his fullest speed Defects of lameness, Sic , nio tar rnoi e rcndiH discov- 
ered when the animal moves lapidly, activity of stepping is a good sign and fiee 
action fiom the shoaldei with the foot fiimly planted, and no 'icavy i oiling of the 
bodi , the laller would indicate that the elephant has been made to cuiry loads 
heavier than he ought to hoai 

Thi-ee years is the eailiest that an elephant should be piuchased after his fiist 
seizuie 

Elephants up to 46 years ai o at the veiy beat age for puichase , they will do good 
work to 80 ycata of ago and upwaids, 


* See pagm SS% m, 580 and 588 

t Sea pages 570 800178 Thta Is at variance with theOesorlptioiis there given 

284 



NOTES ON ELEPHANTh AND TUI lit IHVNblOKT BY HAILWIY 4cJ 

Some would cleternuno the age fiom the concavity of the palate , this is no safe 
tost The piilnte of the male elephant, ns it ages glows hollowcr but, that of the 
female does not change much, reniniuing neaily flat 

A mole certain method la to judge by the oieitmmng of the upper lap of the ear 
When tinned down about oncincli, the elephant is supposed to be about 30 jears old , 
from one inch to two me lies langiiig fioiii 30 to 60 , and above two inches old 
The male is the stiongcst animal, hut owing to hia becoming annually “mast” 
aftei ho has aiiived at full growth, the female is gcneinlly preferied The usual 
season foi the male to become “mast ” is toi tliieo months during the lamy season 
The following points should be noticed — 

Cleanliness of the stable 

l\ai,a* elephants eating lationsf aie purged to death and shonld not be bathed 
Sores aiisnig fiom roiiesare cured lit chiknimitti (pottei’searth), leather stomach* 
piotcctois undoi the ropes which chafe the belly, aic lecommended , injection pumps 
are usetui as sjringes toi washing out sinuses 
Drops! rahi hdd ^ynlyI^o»lt— Glandular swellings behind the eai under the throat 
in the giom, or between eitliii hind or fore legs , ejes become dull , hunk shrivelled, 
mine veiy led Bleed 'lb behind the ear apply a stioiig blister of 

common blisteiing ointment mixed with sulphiine aeul 1 1 dinelim to the oz ), well 
rubbed into parts aflfected It the swelling falls downwaids the animal will leoover, 
but the swelling in its downward course must be followed by the blister until it Anal 
Iv disappeais If behind the cm, it geneinllj tails down the jaw, and di'nppeaisat 
the hp If between the legs it generalh disappems at the knee joint If instead of 
falling, the disease should spread, it will cause the death of the elephant, on the third 
day 

Or adopt the following — 

I Blister the affected part three times, the first day, with Spanish flies (canthar 
ides) , and make a mixture as follows — 

8 07 iodine 

10 „ spirits of turpentine 
5 „ camphor 

Add the iodine to the turpentine until it is dissolved , and the camphor broken up 
verv fine to the other two This niixtnio shonld bo applied (to the parts blistered) 
with a scrubbing-brush 

II In ordinary znhr bad, dropsy, caused by too much green food, tap the animal 
at once , anti keep the tap open 

in Sul ha or diy zahi bid, the result of neglect, want of cleanliness, over work 
and irregular feeding Symptom — Animal pines away to a skeleton, becomes 
speeklefl, assumes a shiny grey coloiii, and tries to scratch itself on the legs. Treat- 
ment — The animal is to he washed twice a day in clean water, well diied, and rubbed 
well with tillee oil (petiolcnm when procurable) three times a week The skin is in 
a very tender state, and shonld be pioteoted from the sun, which will crack it , and 
from the ram, which will rot the scurf skin, and produce a state of intense rawness 

• The term nags, J imagine comes from nag a imalto iiSga will then mean worm!/ 

{ Beopagea J68, 368, 380 and 288 
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From Diseases of the Elephant hy Major Hawles 

lu this treatise, the supposed remedies foi the diseases of elephants are 
cleaily laid down, it is foieign to the purpose of this note to iiiscit it, 
and extiacts would be of little sei vice 

In a different sense, the same lemailc applies to the Treatise on the 
Compai dtive Anatomy of the Indian Elephant , and to Colonel Cooke’s 
Aide-Mcmoiie 


From a practical memoir of the hitoiy and treatment of the 
the elephant, by Assistant Surgeon W Gilchi »s( 


Of a female elephant the dimensions of which were — 

Pfc 


Height, . 7 

Length fiom top of forehead to inseitioo of tail, 10 

Bound abdomen, 13 

Length of small intestines, 68 

„ large „ 38 

The weight of the parts were — 

Cwt Qrs 

Hoad, including trunk, weighing 16J115S , 4 0 

Left fore leg, 2 2 

Right „ 22 

*Left shoulder, .,0 8 

♦Right „ .10 

Left hind log, 2 2 

Right „ 23 

♦Left ribs, 1 i 

♦Eight ribs, 2 0 

Loins and part of buttock, 3 0 

Pelvis, 3 1 

Nock, 0 3 

Breast-bone, 0 3 

Weight of carcase, 28 3 

Heart, . , “o i 

Legs and diaphragm, 0 3 

Kidneys, 0 q 

Intestines (small and large bowel), , .21 

Liver, , 0 2 

Spleen, , 0 0 

Stomach, , , ,,03 


Weight of carcase and organs, 34 l’ 

Hung, . 2 j 

Water in bowels in oavily of abdomen, 2 1 

Grand Total, 89 o' 

• How are these dlfloronoea reconciled f 
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The skin vanes in tluckncss fiom |-inch to 1 inch about loins and 
buttocks 

This Height appiovimafps to that fi\pd in the Commisijauat Depart- 
raenb as the aveiage weight of an ehphint — 

Ions Cwt Qis Lbs 
2 10 1 22 

The testicles me contained witliui the abdomen, near the kidneys , 
castiation is consequently impossible • 

Bleeding IS best pei formed by partially, longitudinally, incising the 
arteiial tiniik on the back of both eais, when the animal is in a lying 
posUiiG, it may also be effected from a vein in either of the hind legs, 
or above tlie under pait of the sides of the abdomen The jugular vein 
IS four inches beneath the siiifaee 

gallon lbs 

An ordinary bleeding amounts to 1 of blood = 10 
A full „ „ 1{ „ != 15 


The pulse of the elephant is — 

44 beats per minute, in health 

00 to 100 „ „ disease (generally) 

70 to 80 „ „ fever 

The teeth are eight in number, foiirm each jaw, at 70 yeais of age the 
fioiit Bide teeth fall out 


Inflammation of the eelliilarmembiniie may be brought about by goad- 
ing the animal on the forehead (instead of behind tlie eai) by the ankus 
Foi hardening the feet for travelling over rough ground, the two fol- 
lowing reeipesf are given, either of which may be used — 


No 1 

Wax any quantity 

Munsal „ 

Honey „ 

Dried spleen of any animal 


Chiikm 
Miihpul 
Tinga Hide 
Uldha 
Kuttha 
Geti Supari 
Mohar 
Shaoth 


'Any quantity of each 


•SeealBO-EvolntionofMan by Ernst Haeofcell, 1879, Vol 2 page 420 
t Sergeant RuBeeU, Commlasarlat Department, aayetbat the beat mixture ia— 


Btookholm tar, 

Hog B laid. 

Heals, 

Venice turpentine, 
Beoa wax 


Mix hot, wash the feet, apply eveiy night 
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The cost 18 12 annas pei elephant 

The elephant’B head and fouhead hlinnld be defended from the sun by 
a vihite eoreiing of spongy uatuie The toe diseases — 

Affin bao, 

ba > ka iiiaiz, otheiwise riagli ka mara oi pipsai ka marz, 
are engendeiul directly by exposme to tlie snn 

When snfifi-iing fiom norms, an elt-phant cats 20 to 24 tbs of silice- 
ous earth , purgation follows m twelve horns, woims aie then passed 
dead 

It appears that theie is nothing saline in its nature , and that tlie effect 
IS produced mechanically on a ceitain state of the aliiiienlaiy taiinl * 

By Art VI of 1879, published in the “ Gazette of India ” of the 1 9f/i Apnl 
1879, Pmt IV, page 130, wild elephants in India we pieseived 
^o one Bhall kill, injure, or capture any wild elephant unlobS— 

(1 ) ID defence | 

(2) when such elephant is found injuring houses or cultivation, in the vicinity 

of any main load, lailway or canal , 

(ft) as permitted by license undei this Act 
Eioiy elepliBiit captuied, and the tusks of every elephant killed (in contraiontion 
of this Alt) shall he the piopeitj of Goiernmint 
The Ciillectm, oi Deputy Commissioner maj, undei this Act, grant licenses to kill 
and ea[turu but the license shall not autlioiise liespnss ihc local Goiein 
menr imiy, subject to the control ot the Goveinor General in Council, make 
rules niidci this Act 

■Whoever tians„rea3es the condition ot this Act shall be puni«lied with a maMmura 
fine of hs 600 toi each elephant , whoever bieaks a condition of a license with 
a lunximnm Hno ot its 600 and fortucure ot license 
Anv one con\ ictcd of a second offence shall be punished with imprisonment which 
may extend to six months , or with fine or with both 

Caloutta 

did April im ) 


'Bee pages aes.SBS, 180 and 1 
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RrponT ON the TnANsponTiNO oe Elephants by Railway 

In Us tdeginin No 3907R of llio 27tli Septenibei 1878, Llie CJoveni- 
mint of Iiulu iKsiied that nine elephants, foi the coiive^ance of a lieavy 
balloiy liuin Moiar to the North-Western Froutiei, should be sent iiom 
Dholepiir to iMultnii 

In Ootobei 1878, an eYponment as to the possibility of canying an 
elephant by latlway was paitly earned out at the Howrah station of the 
East Indian Railway 

As shown in Plate IV , a cattle-wagon was prepared, and an elephant 
of 7^ feet stature cained ni it foi a distance of 1^ miles 

In the first instance, the beams weie simply bolted together, hut, on 
its being found that the bolts weie bent by the ptessine exorcised by the 
animal, they wcie notched as well as bolted This arraugeinent seived 
well The animal exhibited teiror by bellowing, and, on passing under 
the Howiah oieihridge, endeavoiiied vainly to seize it This oiioum- 
stanoe suggested Ihe need of a loof, which was at once put over that 
part ot the wagon wlieie was the elephant’s bend 

The paits of the wagon which can be reached with the trunk were 
studded with spikes The miiual is thus prevented fiom wrenching the 
beams out of then places 

Tlie experiment, so far as it went, was considered «o satisfactory, that 
Miijoi Kiiilocli, Deputy Assistant Qnaiterinaster Geneinl, in his loiter 
No 911S to the Qnaiteimaster Geiieial m India, repoi ted — 

“It hag been found peifectly practicable to cnnioy elephants inordinary caltle- 
tmiUs , theie was nbsoliuclj no risk even «hen the elephant nas startled bv the 
whiotle ot engines purposely sounded quite close the truck was taken undei 
bridges, stinted and stopped abiuptly, and in fact subjected to every teat that could 
be thought ot 

“Ome secured, an elephant is absolutely powerless to injure either himself or 
the wagon ’ ♦ 

In this office letter No 2814 of the 15th October, I expiessed the 
following opinion — 

“ The experiment, so far as it was earned out, was successful , but I do not consi- 
der fiom what was done that it can be concluded that elephants can safely be earned 
by railway The distance, IJ miles, over whnh the animal was carried was insiifH- 
cicnt ns a test If, while traveising a distance of 100 miles, he neither damaged 

• In this Note (pages ’01 JOJand 207) It will he seea that theanimal waain 
feotly secured , and, chat great 1 iak w as run 
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him'ielf nor the wagon, ha might over ftftci refuse to re enter his wagon , and this 
would cause great tioublo ” 

In its iettei No /76lt of the 18th February 1879, the Government of 
India desired — 

“that Captain Claike, RE, should prepare and submit a lopoit on the proposals for 
carrying elephants by lailway in ordinaiy cattle tiucks, together with au estimate 
of the coat of alteiations ” 

Aiiaiigements were accoidingly made with the Conimissaiy General, 
Caloiitla, and with the East Indian Railway, for the cai tying out of an 
expeuinent, at Howiah station, on the East Indian Railway 
On the 1st Apiil 1879, at 7 30 a m — 

Two elephants were brought up to the goods siding near the passenger station 
One of the animals refused to ontei the wagon , she knelt down and examined with 
her trunk the under side of tbo wagon floor , bellowed, slavered at the mouth made 
water, circled about the place , and, in spite of eveiy eudenvour, resolutely refused 
to set her foot in the wagon 

On tlie same day, the othei elephant — 

“ Titus ” a small trnsker, 7 feet in height was brought up to the wagon , and nfter 
some peisuasion, induced to enter , but when in, lie could not be properly seemed with 
the chains which the elephant drivers hail brought with them This was due nni tly 
to the chums not being exactly fitted to the woik , but, chiefly to the stupidity of 
the men 

It may be noted that, tliioiigli some accident, no officer, or non-com- 
missioned office!, of the Commissariat Department was pieseiit at tlie 
trial, and consequently failuie only could be expected, the men of tho 
East Indian Railway not being familiar with the woiking of these ammals 
Tins experiment occupied more than three hours 
On the 2nd Apiil 1879, at 8 a m — 

The Assistant Superintendent, Oairingo and Wagon Department, East Indian 
Enilwav 

Captain Patch Deputy Assistant Commissniy General, 

Captain Pnglcdue, R E , 
lienteiinnt Johnstone, R E., 

A Sergeant of the Commissariat Department, 

Several superuumorary elephant drivers, 

being present, a second trial of the same two elephants, at the same 
place, was made 

As on the experiment of the lat April, the female elephant resolutely refused to 
enter As them was little time to spare, no great effort was made to peisuade her 
The tusker “ Titus ” marched, without hesitation, Into the wagon , but, notwithstnnd- 
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ing the proaonce of Captain Patch and the men of the Commissariat Department, 
every effort to aecnio him piopcrly with chains was in vain 

The statement made by Majoi Kinlocli, m his letter No 9118 , is 
truly applicable — 

“ It la absolutely necessary that the elephant should bo secured with as httle noise 
and fuss as posbihk If men are pioperly instructed beforehand, the opeiation should 
bo completed in a few minutes ” 

The elephant was at length removed This trial lasted more than 
three hours It was resolved that the wagon should bo slightly alteied, 
so as to allow of gi eater latitude m the placing of the beams, and that 
chains wi ought in a propei manner should be used 

On the 7th April, at 6 a m — 

Colonel Keel, Assistant Commissary General, Calcutta, 

Iho Assistant to the Siipeiintondcnt, Carnage and Wagon Department, East In 
dian Railway, 

Inspector Boseok, Carriage and Wagon Department, East Indian Railway, 

Conductor Russell, Commissariat Department, 

5 elephant-diivers, 

6 men of the Cniriage and Wagon Department, East Indian Railway, 

being present, a thud trial was made A set of elephant wagon chains, 
which had been made at my older by the Howrah Foundry Company, 
was used 

The tusker “Titus” marched with little inducement into the wagon, 
and, so far as the ariangements of the wagon permitted, was secured in 
a peiiod of thiee hours 

At 9-5 AM the elephant wagon was attached to No 49 van goods- 
train, the intention being to take the animal to Burdwan and back 

But even while the wagon was being shunted to be attached to the 
tram, it was seen that the animal was insufficiently seemed, and when 
the tram began to move off, the animal damaged with his tusks, the 
side of the wagon and ripped off the roof on the left side 

Though the foot chains had been pulled as taut as possible, he managed 
to get some slack, and was thus enabled to raise himself partly on his 
hmd-legs m a very dangerous position It was unanimously agreed that 
the ammal could not travel in this manner, and the wagon, after going a 
few yards, was detached 

It was resolved that a chain collar shonld be made with three chams 
attached to it two leading to the left and right front comers of the 
wagon, and the third to a ring-bolt fixed in the wagon floor immediately 
291 2 p 



50 NOTES ON EIEPIIANTS 


Turn TRANSPORT 


below tbe head These three chains, being hauled taut and secured fiom 
the outside, would pievent the animal from dangerously moving liis head 
On the 14th Apiil 1879, at 7 A m — 
the same persons being present as at the third trial, 
a fourth trial took place — 

Two elephants were marched up to the wagon, both, with lelnctance, and under 
compulsion, entered the wagon The larger of the two, a temnlo elephant, ‘ Hnii 
nah ” by name, 

74 feet statnre 
24 years a captive 
2 tons 1 cwt 7 11)8 in weight 
was, after some delay, finally secured in the wagon 

The elephant wagon was then diawn by a pilot-engine through the 
Howrah yard to the end of the “ two-mile siding ” and back to the 
goods-shed 

The composition of the tram was — 

liocomotive No 189, 

S empty covered goods wagons, 

Elephant-wagon No 280, a low sided wagon, 

A brake van 

Every locomotive m the yard whistled, in order that the effect of the 
clamour upon the beast might be seen 

On the aiiival of the tiain at the goods-shed, Howrah, the animal 
was released and taken out , she was then invited to re-enter, which she 
did at once This experiment was successful, but it was seen that 
there was still a dangerous movement of the legs (in spite of the 4 foot- 
chains), which it was decidedly necessary to restrain 

It was resolved that a ring-bolt should be fixed between the fore-feet, 
and another between the hind-feet , and that the chain connecting the 
anklets of a pair of feet should be passed through the nug of each bolt 
This arrangement would prevent, to any dangerous degree, vertical, or 
honzontal, motion of the feet. 

On the ] 5th April 1879, at 7-30 A m 
the same persons (save Colonel Keei) as at the fourth tnal being present, 
a fifth trial took place— 

The same two elephants were brought up to the wagon , both without difficulty 
BUcceBSivoly entered and came out of the wagon Eor the actual trial, the elephant 
« Hannah " was selected and secured m the wagon in about half an hour 
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At 9-30 AM a special train composed as follows — 

Locomotnc No 270, 

Tender, 

Fii&t class cninago No 8G0, 

Elephant n agon No 230, 

Lon sided wagon No 499, 

Brahe i-an No 108, 

was clinwn up 

It left Honiah at 10 10 A M 

„ aimed at Clinndernagore 10-B6 A M 

„ „ Pandooah 11 5S A M (38 miles from Howrah) 

Tlie speed between Howiah and Oliandeiuagoie (between which place 
no stop was made) was 28 miles per hour, and this rate of speed wa 
maintained throughout the journey Water was thrown over the ele 
phant's back at — 

Chandernagore \ 

Hnghli I on the way up 

Mugra j 

Pandooah ■* 

With as little delay as possible the tram left Pandooah and leaohei 
Howrah at 2 p m The total distance the animal was thus conveyed b; 
rail was 76 miles 

Tilts fifth tnal loas enttuly successful 

The lengths and weights of the parts of the elephant-wagon ohams ar 
as follows — 


Sore feet — 

2 anklets, each 40 inohos in circumference 

1 chain, connecting the pair of anklets, 14 incbos, 

2 tethering chains, each 12 feet in length, .. 

Mind feet — 

Precisely the same as for the fore feet, 

Meek gear— 

Collar, 7 feet in circumference, •• 

3 chains, each 12 feet long, ••• . ^ 

Total weight of elephant-wagon cham gear, 




89f 

149f 


The chain-collar and anklets should be covered with Stout leather am 


padded with jute 

The chain-gear will be left attached to the elephant- wagon, with whicl 

* See foot-notes to pages 598 and399 It would be better to use, In part, the ropee belonghii 
to the elephant-gear, Bapeneo will be eavod 
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all these trials have been made, so that the wagon will be complete as a 
model 

The cattle-wagon, which has thns, successfully, been converted into an 
elephant-wagon, is maiked as follows — 

Bast Indian Railway No 230, 

Tons Cwt Qrs 


Weight, 6 17 2 

The cost of an elephant-wagon is as follows — 

Rs 

The cost ol cattle wagon, 1,600 

„ elephant aitings, 160 

„ „ wagon chains (gear), 63 

Total coat of elephant wagon, 1,763 

The time reqmred — 

Dsyi 

to fit np one wagon would be 1 

to make the elephant wagon chams 2 

if necessary, forty wagons could be prepared in 1 0 


PlaU IV , attached to this report, shows suffieiently plainly the general 
arrangement of the parts of the elephant-wagon 
The following changes have been introduced — 

(a) In place of 8 longitudinal beams on either side of the animal, there are now 
4 beams (only 8 are represented in the Plates), but, I believe 3 ate sufficient 
Cl) The breast bar and ndge pole are free of all spikes 
(c) Three nng bolts have been fixed in the floor 
one for the centre neck chain 
one between the fore feet 
one between the bind feet 

Cd) The breast bar may conveniently be fixed, while the hmd bar may (without 
being lifted) be made to slide, horizontally, forwards or backwards , a stout 
piece of wood should bo strongly bolted to the side of the wagon far to the 
rear to servo as an abutment , horizontal distance blocks, kept in position 
by two bolts through the wagon side, will commnuieate the stress from the 
hind bar to the abutment piece By'lhis arrangement, much laboui may be 
saved in shifting the beams 
There are on the East Indian Eailway— 

106 TOko* I which conldbe converted easily into elephant wagons * 

When travelling, the elephant will certainly need some protection from 
the sun this may be afforded by— 

• AocotSlnjclie thoBeport at the Bnperintende&t Carriage and Wagan Department, Boat Indian 
Railway, for tea half year ending Decemhar 1878, pages— 

Tbo cattle and coke wagons axe to ho rchnllt as covered goods, 

Jt this bo 10, early orders ace necessary 
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(a) patting hia jhfil on hia back 

(i) stretching a tarpaulin over the ndge polo of the wagon 
He should also, in hot weather, be washed, and this, in the case of 
a tram of elephants, will bo somewhat troublesome At Pandooah it was 
found difficult to get the water fiom the water-column properly directed 
upon the animal’s back, as the mouth of the crane itself is considerably 
below the level of the elephant’s back, and the hose being short (5 or 
6 feet m length), and torn, most of the water spurted out uselessly m jets 
thiough the holes in the hose 

A piece of sound hose 9 feet in length (earned with the elephant- 
tram), which could be attached to the water-column of the Railway 
station where it was proposed to water and wash the animals, — would 
be very effective 

The elephant’s clothing and all his gear can go with him in his 
wagon, and a ceitam amount of fodder can also be carried With the 
beast’s evacuations, and the water which is sluiced over him, it must be 
remembered that the wagon gets into a dirty state 

To embark a single elephant, or a largo number forming a tram, par- 
ties of men, each numbering 10, will be lequiied 
For a tram-load two such parties would be required, the composition 
of which would be — 

BHve elephant drivers 

Pive men of the Carnage and Wagon Department. 

With each tram should be an intelligent and expeiienced Sergeant, or 
Warrant Officer, of the Commissariat Department * 

For the elephants themselves, it would be better that they should 
travel at night, but all things considered, it is safer that they should 
do so by day only, and rest at night , this arrangement will also save 
much trouble as to feeding and watering 

The elephant “ Hannah ” has been a captive only two years It is 
said that elephants are not fully tamed till they have been three years m 
captivity f In Upper India, the elephants are caught about Dacca, 
trained in Bengal, and then sent up country It is thus certain that the 
transporting of elephants, if successful at Calcutta, will be successful 

• If a tralfl of eleplianta be despatohed to the Vrontloi' I would suggest, with the permission 
of the Oommlssary Qeneral, that Sergeant Ruseoll Oommleeariat Department, Oaloutta be placed 
In charge, and thot ho receive Es 100 aa compenentlon for the trial, trouble, and responsibility 
conveying the animale 
t See page OBd of the Note " on elephants ' 
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everywhere, as the elephants at Calontta are foi the most part imper- 
fectly trained and tamed 

Elephants belonging to batteries aie highly trained, and no difticulty 
need be anticipated as to embaiknig them generally in trams 

Male elephants, by reason of their tusks, their supeiioi size, then 
gi eater boldness, and their liability to getting mast, will pi ob ably be 
everywhere more troublesome to manage, as to embarking, than female 
elephants 

It would he well if the Oommiaaariat Department were to keep a list 
of all elephants which could easily be tiansported by rail At Calcutta, 
the entering a railway wagon, the being secured m it, and disembarking 
fiom it might form part of the elephant’s training and education 

It IS said, in various books, that the elephant attains a statute mea- 
suied at the shouldei of 10, or 11, feet 

Mr Sandeison, the Supeiinteiident of the Kheda at Dacca, however, 
deolaies that there is probably no elephant in India measuring 10 feet, 
and that the largest that be has seen is 9^ feet 

Considering now the diagram of the oattle-wsgon converted into an 
elephant-wagon, it will bo seen that (the maximum moving dimensions 
bemg reached) the height fiom wagon-flooi to under-side of ridge-pole 
IS 9 feet only , and that without lowering the wagon-flooi, greater height 
cannot be obtained 

Elephants of limited (not of maximum) stature only can, therefore, 
be earned in cattle tiucks 

It IS, however, piobable that, in the Commissariat Depaitment, the 
average height is 7^ feet only , and, that the maximum statute is rarely 
attained 

As regards undue oscillation of the elephant-wagon, on account of the 
height of the centre of giavity of the live load above the floor, no ap- 
prehension need be entertained 

Tons Owta, Ota 

The dead weight of the wagon with fittings is, 6 17 2 

Hoor chains and anklets, 0 0 8 


Total, 

Weight of an elephant 74 feet stature, 


6 18 


2 17 


The actual live load, compaied with the dead load, is in this case veiy 
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small WlieTi tlm wagon caines 10 tons of glass (as it safely may) the 
cGiitie of gravity would then be as high (as in the case of the elephant), 
while the load carried (instead of being less than) would greatly exceed 
the dead weight of the wagon 

Appended to this icpoit is a diagiim ^^not rcpimted) of a new form of 
wagon designed specially to carry two elephants, but fitted to cany 
goods generally 

This design was submitted by the Snpenntondent, Carriage and Wagon Depart 
ment, East Indian Railway, as it was nt one time feaied that the transport of ele 
pliaiits could not bo effected in tattle wagons 
It will bo seen that the floor, like the Are box of the locomotive, is only 9 inches 
above lail-lovol 
It may be observed — 

that the space of 4^ feet for the breadth of each elephant is scanty , that the actual 
height from floor level to architrave of dooi way being feet only, an elephant of 
maximum size could no more enter this than he could an oidinary cattle-wagon , 
and that the total length, lOJ feet, is very scanty 

The back of an elephant is much bigbei than his shoulder, but his 
head is on the same level as his shoulder * 

Beaimg in mind the remarks in page 296, 1 see nothing in the oon- 
struotiou of this form of wagon to recommend It is doubtless more 
costly to build 

Fiom the working Time-table of the East Indian Railway, the 
weight of a goods tiain (ruled by the mmimum load) between Howrah 
and Delhi is 400 tons 

A tram carrying elephants from Howrah (or any station east of Delhi) 
to the Frontier would be composed as follows — 

Locomotive, 

Tender, 

m elephant wagons, 

1 Composite carnage, 

1 Brake van plus load, 


6G 

10^ ®t 

n 

8 


* A hog backed 
part of tbe Pack 


Total weight tons, 71^ lOJro 

ephant, atanUlug 8 feet at the shoulder, will mooauie ej feet at the highest 
Tona, Owt Qia 

lit of wagon wlthfitUngs, 6 17 3 

elephant wagon chalne, 0 3 3} 

elephant-gear 0 11 1} 

elephant (7} foot) stature, 


or say with attendants and fodder, 10} tons 
This will allow for extra weight in the ease of a targe elephant 
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Then— - 

715 + iO^ w = iOO tone 

® = 31 2 clephanta per tram 

It 18 believed that attempts weie made by — 

Tlio Great Indian Pemnsnla Kailwny, 

The Sciade, Punjab and Delhi Eailway, 

to carry elephants by railway, and that the idea of carrying them was 
abandoned, it bemg found impossible to ludiioe the animals to he down m 
the wagon 

It has been shown in page 296 of this Note, and also by actual trial, 
so far as the height of the centio of gravity is concerned, that theie is 
no need to lower it by foicmg the elephant into a recumbent postuie , 
and further, it may be remarked that an elephant cannot remain in a 
Bitting posture for a length of time 
Mr G P Sanderson, in a demi-ofScial letter of the 12th April 
1879, Oemp, Qaro Hills, m reply to one written to him about the 1st 
April, says — 

The transporting of elephants by Eailway is n matter which I have often thought 
of , and I ventiiro to think it ought to be earned at all coats to a snocessful conclu 
sion, as the power of conveying elephants by rail woald enable the Government of 
India to introduce very great economy Elephants might bo greatly reduced in num- 
ber throughont India , and be kept where fodder was plentiful 
I have seen the wagon, of which you sent me plans It eeems to me to be well 
muted to the work, except as to the method naed for securing the elephant, and as 
regards the boarding about the elephant’s head 
I wonld secure the fore and hind feet to two nng bolts let into the wagon floor * 
The ropes, with which cveiy elephant is provided could thus be utilised f 
The hoarding, I think, is unnecessary , the effect upon the animal of seeing bndgea 
and trains should not bo considered f 

An elephant cannot bo secured In any other position than standing Kneeling is 
very irksome, and could not be maintained without extreme suffering and nsk of 
damage 

The wagon floor should he on n leiel with that of the platform, or higher, noi loner 




wBo 1.U1. jimn BoopHu , roTOer, tuo neok vm 
third ring bolt In the Boot (S« pagos SBl and S8«l 
t It would probably be better to a«o ropes than ctaiM, as galling WonW be less lihelv to ooonr 
beatdea, expense would t» saved 

An ° hoarding may be mmecesenry , but otherwiae not 

An el^hant. with hla head tree, cou)a aciw water coliunne Sio The hoarding eervea also to pro 
teet Wa oyro from dnst and eparka , and hla head from the snn a rays 
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Litter should bo stiewn on tho wagon floor A determined mahdwat will foreibly 
make an c.le|ihant do things which it would not do foi others 
The maximum ninning height of the wagon appeals to be 9 feet 2i inches, which 
would be ample ioi oidinmy elephants As to females, not 1 m 50 exceeds 8 feet 
at the shouldei * 

A crane should be employed to hoist any lefiactory elephants into the wagons 
There seems to be no reason why 60 elephants should not be started upon a jour- 
ney of any length at a day’s notice, fiom any depot wlioio they may be kept they 
need nevei leave then wagons en, toute^ and might bo kept undei aheltei duiing the 
heat of the day f 

The cost of the tiials, relating to tho transport of elephants by lail- 


way, now conolndcd, is as follows — 

Rs 

Tittings of cattle wagon No 280, 160 

Elephant wagon chains, 63 

Haulage from Howrah to Pandooah and back, at Rs 2i per mile, 190 
Bonus to Sergeant Russel and Inspector Boseck, 100 

Total Bs , 613 


H W 0 

Oalodtta 

IGt/i April 1879 


• This would allow for a hog backed boa.t, which would stand 8§ foot at tha centre of tho hack 
t In page 208 It will ho soon that only 33 olophanta can, to one train, booaiiled Till some 
evporienoa has besn gained in the Uansporttog of thesa antamla, It would not he well to journey 
by night —H W 0 

299 







No CCCXI 


EXAMPLES OF SOLID IRON SCREW PILE BRIDGES 

[rrdfl Plate] 


By Col C A Goodfellow, RE 


Built from 1S71 to 1873 on the Bellat y-Earwar Eoad, in the Dharwur 
and Kanm a Districts, Bombay Ft esidency 


The general design and ooneti notion of these bridges is sufBuently ex- 
plained by tlie accompanying Plate, but some explanation of details is 
poihnps neceasaiy 

Suguppi Bridge — A tempoiary budge merely intended to span the 
very tieacherons and muddy bed of the faiuveathoi atieam, the piles 
were only 2 inches in diameter, round bar non fitted into the out off 
screw bases of the old style of telegraph post socket, lu use twenty years 
ago, screwed down by spanners 6 feet long, the piles whilst being 
screwed, being kept in position by means of a guide fiaine with a plat- 
form, on whioli the men sciewmg down woikod, the budge was built in 
just one month, having cost Rs 3,920, it was opened foi tinffic in 
October 1871, and was washed away in September 1872 , this nullah has 
a fall of 18 feet pel mile, and a veiy bad leputation m the couiitiy, on 
this occasion it took the budge, (owing to their being a junction of two 
nullahs just above the budge, and to the fact that only one of them was in 
flood,) almost longitudinally and completely overthrew it, all the wood- 
work was carried away, but not one pile was drawn, though ell weie bent 
and some twisted in an extraordmaiy manner The resistance this budge 
made, induced Government to consent to otheis of full height and stroiig- 
ei const! ucliou, but similar m pnnciple, being built on the same load on 
the black soil plain of Dharwar, and two such were bpiltin 1872-73, 
one at Nalowda, 13 miles east of Hubli, and at Bndrapur, 18 miles east 
of Hubh , 
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Nalowda Budge — Twelve spans of 16 feet, piles 2| inches in dia- 
meter, commenced m June 1872, opened foi traffic in April 1873 , cost 
Rs 19,358, or Rs 100 pet foot of waterway (See Plate) 

Budiapur Budge — Ten spans of 16 feet, piles 2^ niches diameter, 
or Rs 104 pet foot of wateiway 

Neithei of these bridges were built precisely as designed , in construc- 
tion the masoniy abutments weio made of massive granite ashlar, with 
wings, instead of dry stone as oiiginally intended, and the struts (A, A, 
A, and the loicer cross braces B, B, B) were added Also when the piles 
bad been sciewed down and the bridges weie nearly completed, excava- 
tions were made about piles of each pier down to the hard bed of marl, 
’nto which the piles wcio screwed, and a wall of concrete was put in round 
the piles Also for the single fender piles of the oiiginal design, weie 
BubsUlnted triangnlar fcndois, each formed of thiee teak spats joined by 
cross-bars and buiied m a conciete foundation , it is doubtful if these 
alteiations, whilst adding to the cost of bridges, were impioveraents , the 
full of the Nalowda nullah is 10 feet per mile, that of the Budrapur 
nullah 13^ feet per mile, both these nullahs are subject to sudden and 
heavy floods, and one object m using the light piles was to evade scour 

Both the bridges weie seveiely tested m September and October 1874, 
wbeu the floods weia just awash with the road, that is 3 feet higher 
than the piesnmed highest flood level, the Naloioda bridge was uninjured, 
though there was some scour of the bed, but at the Budrapur bridge, 
the bed near the bank was scoured out down to the hard mail, leaving 
the walls of concrete round the piles bare , by the action of the oidinaiy 
monsoon floods the bed soon silted up to the usual level, and no harm 
occurred to the eight piers and their siiperstructuie , the abutments, 
however, or more properly speaking the masonry terminations of the 
embankments, were scoured out and fell, bending the four piles of one 
abutment, and breaking off one pile of the other abutment , three fender 
piles were also earned away and one down-stream stiut, and three piles 
of one pier next on abutment were a little bent by the impact of a float- 
ing part of the timbers of the old bridge, carelessly left on the up- 
stieam embankment, and jammed by the falling masonry, the damage 
done was qnitkly lepaired by rebuilding the masonry and stiaighteiiiug 
the piles with a -jim crow, ” had tho masonry been of diy stone, as 
designed, it is unlikely that any injury wonld have occurred to the bridge 
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itself frotti the fall of the abutmeBts , they would have fallen sooner 
no doubt, but that would the sooner have relieved the pressure to whieh 
the heavy scour was due, and as foi the massive fendeis theie is little 
doubt ^bat they weie the chief cause of the scour 

Chendia Bridge —Two spans of 2ot feet on the skew on the same road, 
hut six Ttiilts fiom Kaiwar on the coast This budge (exclusne of the 
cost of the 12 piles, which happened to be available fiom another com- 
pleted woik at Kaiwar, a piei) cost Es 12,600, and was completed 
ready for traffic in five months, though the budge simply, that is tlie iron 
and masonry woik, did not take more than thiee months to finish, the 
other two being taken up by delays connected with the approach, the 
piles of this budge aie 6 inches in diametei, and were also screwed down 
without the aid of any machinery othei than capstan collars and crab 
winches worked by hand 

The peculiar advantage of the use of solid piles is rapidity and ease 
in getting in foundations, an advantage which under ceitain ui cumstances 
IS all inipoitant 

From leoent accounts received, the small 2^ inch piles of tlie Nalowda 
and Budiapur budges ere as sound as evei, though some of the wood- 
woik has lequued lenowal 

Bombay, J C A G 

SiA Apul, 187') 1 
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EXCERPTA FROM NOTES ON THE TRANSPORT BY 
RAIL OF TROOPS, HORSES, GUNS AND WAR 
MATERIAL FOR THE ARMY IN AFGHAN- 
ISTAN DURING 1878-79 


By David Ross, Esq, Tha^ffic Manager, Sainde, Punjab and Delhi 
Railway 

Dated Lahore, 2dlh July W9 
“2 Since the movement towards Cabul commenced on the 30th 
Septembei 1878, when the first Regiment, the 12th Khelat-i-Glulzies, 
proceeded, nntil the return of the Punjab Chiefs’ Contingent — the last 
special with the Maharajah of Patidla’s cavalry passing Lahoie on the 
6th July — the grand total amounted to— 

1,88,280 Troops and Polloweis 
23,14.2 Horses, Pomes and Mules 
147 Guns 
7,553 Bullocks 
973 Camels 

13,47,004 Maunds, Commissariat and Military Stores 
“ 5 * * * a number of Regiments wore concentrated at 

Mean Meei and Mooltan, &c , in the first place, and they remained there 
for a few weeks before pioceedmg to the fiont Such troops, of couise, 
are reckoned twice Each despatch involved the same amount of work 
to the Railway authoiities, as if the Regiments had gone at first right 
through to their destination 

“ 6 The maundage only shews the stores despatched undei Warrant 
The greater portion of the giain, &c , for the troops was booked by 
tiaders, so the figuies given, represent only a small proportion of the 
Military stores really forwarded by rail. 
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“ 9 Although Troops and Military stores had piiouty of despatch, in 
veiy few cases, comparatively, was the traffic of the hue inteifeied with 
01 delayed in tiansit 

“ 11 In Older to transport the troops in carriages, we had to siibeti- 
tnte covoied goods wagons for the ordiniiy passenger tiaffic, and with 
the removal of % few panels at the sides and ends of these vehicles for 
ventilation, the natives were quite satisfied with this mode of conveyance 
“12 Those wagons similarly treated with the addition of two bieast 
bars faxed laterally across, were used in the carnage of cavalry, eight 
horses being oonifortahly earned in this manner, with their heads in the 
centre, and room between for syces, provender and harness 
“ IS In any case of emergency, these wagons with wooden planks 
fixed for seats could be easily adapted for the transport of Euiopaan 
infantry, but Sepoys seem to prefer them without alteintions, as they aie 
thus enabled to squat down oi recline on their bedding Piom 30 to 35 
natives can be comfoitably earned m the goods wagons diiiiiig the cold 
season, and not more than 30 in the hot weathei Biaokets could also 
bo fitted np at the ends to hold lamps for night travelling 

(( 17 » * * With oui goods rolling stock converted as proposed, 

MO shonhl be able to toncentiato on Lahore fioni the Mooltan and Delhi 
diitctions, without assistance fium other Railways, a force equal to — 

3 Batteries of Aitilleiy, 

2 Rtgiments of Cavalry, 

3 llegiments Emopean Infantry, 

5 » Native „ 

or in all about 7,000 men of all arms every 24 honiN 
“ 23 To piovide for the conveyance of 7,000 troops per day in the 
proportions of the diffeiont aims of the service as referred to in paia 17, 
the following are the details in regard to our rolling stock required — 
Qhaztahad to Lahore 15 Tiains requued 


15 

12') 

(iff 

i“(i 

24 

)JI 


1st Class or 
2nd „ 
ltd „ 
VchiUca, 
TincVs. 
Wagons, 
I’oMder Vans 
Blink Vans 


CompoBite Cnriiagis for Officers 
Men 

PoMowets 

Horses 

Guns 
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“24 On the Moolfcan Section, the June bill naakes piovision for 11 
trams each way daily, which would enable an additional 73^ per cent of 
troops to be conveyed m similar proportions The stock leqmied would 
be as follows — 

11 1st Class or Composite Carnages for Officers 
9G 2ud „ Men 

48 3rd „ Ifollowcrs 

112 Vehicles, Hoises 

91 Wagons, Baggage 

18 Trucks, . Guns 

fi Powdoi Vans, Ammunition 

11 Bleak Vans 

393 Vehicles 

“25 But as a similai numbei of vehicles would require to move 
in the opposite direction, oui total requirements as to rolling stock 
should be — 

(Sere follows table gimng nurribets double the sum of the two Receding) 

“ 28 As a laige propoition of the tioops must come fiom down coun- 
try or the sea-boaid diioction m Foieign Companies’ vehicles, no strain 
such as contemplated in the foregoing would evei be put on this line in 
regaid to the supply of stock 

“ 58 To show that the carrymg poweis of oiu line as stated in the 
foregoing, are not ovei-estimated, I may mention that m connection with 
the lecent Haidwar Fair dniing 18 days in April, we cairied about 
250,000 pilgiims in addition to the ordinaiy tiaffic of the hne, oi on an 
average neaily 14,000 per day, of course to do this, all desoiiptions of 
vehicles weie employed — goods wagons, covered and open, cattle tiuoks, 
Ac It can, howevei, be undeistood that the tianspoit of these pilgriCQB 
was an easy matter, as compared with the conveyance of troops " 
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EXCAVATING AND UNDER CUTTING MACHINES FOR 
SINKING WELLS AND CYLINDERS THROUGH 
CLAY AND SIMILAR HARD SOILS 

[ Vide Platea I and n ] 


By E W. Stoney, Esq, BCB, M Imi CE 


The Helical Excavator which was descnbed m July 1875, Aitiole No 
OLXYII , Piofessional Papeis on Indian Engineeiing, though remain- 
ing ID principle the same, has been improved m constructive details and 
methods of working 

The openings in the bottom and sides are now made as large as the 
size of each machine permits, so as to facilitate filling, and the square 
holes at top and bottom are connected, and enclosed by a pipe, which 
prevents any of the contents of the excavator from either escaping 
through them, or touching the iron rod by which it is worked 

The most suitable size for hand work has a circular body 2 feet 6 inches 
in diametoi by 11 inches high, this contains 4^ to 5 cubic feat, weighs 
when empty 868 lbs , and when full of clay about 876 lbs , and makes a 
cylindrical hole 3 feet 6 inches to 4 feet m diameter 

The above size will excavate from 100 to 150 cubio feet of clay daily, 
fiom a depth of 70 feet if worked by manual labour , and about three 
times as much if a steam winch be used to raise aud lower it, machines 
of this description up to 3 feet 6 inches m diameter have been success- 
fully used, both in India and Ceylon, in sinking wells of from 6 feet to 
12 feet in diameter, to depths of fiom 40 feet to 90 feet 

An excavator 2 feet 6 inches mdiamotoi is about the largest size that a 
2-inch square iron rod is strong enough to work in stiff clay, aud as long 
rods of larger section would be too heavy and troublesome for use m 
ordinaiy works, the Enlaigei about to be described has been designed to 
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make largo lioles, when worked by the same 2-iiich lod used with the 
Helical excavator 

The Uniler-cnttci has been similarly designed foi nse with 2-iiich lods, 
with a view to obviate the necessity theie exists, foi using inconveniently 
largo loads, to sink wells thiongh sti£f mateiial, when the soil beneath 
their curbs is not removed 

Fig 2, Plate I is a plan , and Fig 3, Plate I an elevation of the 
“ Enlarging excavator,” designed by the author to increase the size to 
a cylindrical hole made by the Helical excavatoi, up to the full size of 
the interior of the well oi cylinder m which it is used 
Tins machine is of very strong and simple design, foimed of a pair of 
semi-oircular L iron iibs CO, joined by iron distance pieces, which form 
square holes foi the rod E to pass through, and sepaiate the ribs suffi- 
oiantly to allow the arms A and B to woik between them These arms 
are made of angle or channel iron, according to the size and strength 
requnod, then lower ends being pivotted, while their upper ends are ex- 
panded into double-edged cutteis as shewn , in the vertical webs of the 
ribs holes 1 inchdiametei and 2 inches pitch are dulled, a single similar 
hole being dnlled in each of the aims A and B 
These arms may be secured at inclinations vaiying from almost hori- 
zontal to nearly vertical, by bunging the holes in them opposite each 
piMi m the libs, and then passing a bolt x thiongh each 

It will be at once seen that the diameter of the cut made by these 
aims can be increased or dimmiahed by successive moiements, by merely 
moving them m then respective qnadiants, and that when they revolve 
the hole of least diameter will be out by them when neaily voitioal, this 
diameter increasing as the arms appioach a horizontal position 

A hole may, therefore, be enlarged in successive outs by means of this 
machine, from the diameter of the scmi-ciiculai ubs, to that of the aims 
when horizontal 

The cutters in which the aims teiminate ave made double, in older 
that the machine may out revolving either to the iiglit oi left, so that by 
turning it as many times baclcwards as forwards, the lope by which it is 
raised or lowered, is prevented from twisting round the rod E, by which 
the enlarger is driven 

Tlie follomng points m the design are, it is believed, worthy of notice 

The frame and aims can be made of any requiied stiength 
HO 
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2«cZ The aims are supported foi moie than half then length by 
strong quadiants 

3rd A groat many diffeient sized holes may be made with the same 
machine, and the niimhei of these maybe fmther incieased by having two 
sets of arms of diffeient lengths to fit the same body 

ith The size of each cut may be varied to suit evactly the lesiatance 
to he oveicome, so that the toision on the bar B shall not be excessive, 
and be kept pretty uniform 

The mode of using the Enlaigei is as follows — 

A hole about 3 feet 6 inches in diametei and 10 feet deep is first sunk 
in the centie of the well, by means of the Helical cxcavatoi previously 
desciibed, this is then lemoved, and the Enlarger lowoied with its arms 
A and B faxed for cut 1, say 4 feet 3 inches diametei , when lowered 
the rope 0, which suspends it, is left slack, and the machine is turned 
round continuously backward and forward, by men at the handle H, 
(which can be fixed to, or taken ofi, the rod R at pleasuie,) till cut 1 is 
carried to, or neai, the bottom of the centre hole, this out being finished, 
the machine is raised to the well top, the stud bolts », «' removed, the 
arms A, B sot down two oi more holes, so as to malre a cut say 5 feet 
in diameter, and the stud bolts lo-inseited, this done the machine is 
again lowered and turned round as before, till cut 2 is complete , any 
number of cuts may be made m a similar manner In Fig S, Plate I , 
the arms A, B, are shown fixed in position for out 3, the dotted lines 1 , 2 
show their positions for cats 1 and 2 lespoctively 
The maternal thus cut off drops to the bottom of the centie hole, from 
which it may be taken out, either with the Helical excavator before des- 
cribed, 01 Bull’s dredger 

A hole may theiefore be enlarged in snccessive cuts by means of tbis 
machine, from the diameter of the semi-ciioular ribs, up to that of the 
arms extended hoiizontally , and the width of these cuts may be legn- 
latcd to suit the degree of hardness of the moterial cut, by shifting the 
arms one, two, or moie holes at a time, the softer the material the wider 
the out may he, and vice versd 

The author has with one of these machines enlarged a hole 3 feet 6 
inches in diameter in hard dry clay, up to 11 feet in diameter, using a rod 
E of 2-inch square iron, and a handle 5 feet radius driven by five men 
Enlaigmg maoliines of this sort may be made with thiee arms placed 
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at angles of 320°, or with foai arms at right angles to each other 
When so made they aie moie costly than the simplei form with two 
aims, but would possess some advantage in being self-centeiing when 
cutting 


Figs 8 and 9, Plate II , illiistiato a machine which the author has de- 
signed foi under-cutting wells, similai in piincipal to the Enlaigor de- 
scribed, but diflering fiom it, in so far, that means are provided for 
opening and closing the cuttei aims fiom above, so that the machine 
may be drawn up, oi lot down through the luteiior of the well m which 
it IB used 

The under-cutter may have either two, three, or four arms 
The lower pait of Fig 8 shows a two arm machine with the cutters 
opened almost to then full extent, while in the upper part of the same 
figure, the arms aio closed to allow the machine to be laised to the 
cylinder top The machine is formed of an angle non frame work, and 
arms A, B, similar to those used in the Enlarging excavator , having in 
addition rods 8, 9, seemed to bell cranks K, L, fixed to the backs of each 
of the arms A, B, and those rods teiminnte m a guide IS, which slides 
up and down the lod B, and to this guide the ropo 0 is tied 
Tho whole machine is suspended by the rods 6, 7 and rope Q tied to 
the hook and guide 14 

By an examination of Ftg 8, Plata II , it will be seen that if the ma- 
chine IS suspended by tho rope Q while the rope 0 is left slack, the 
arms A, B, will drop down ns shown in the upper port of Fig 9, and so 
allow of the whole machine being drawn up thiough the well, while if 
the rope Q bo left slack, and the machine be suspended by the rdpe 0, 
the arms will expand as represented in the lower figure, till they either 
touch the clay they are to cut, or tho stop pins, &o , placed to limit 
their travel 

The mode of using tho machine is as follows — 

A hole the size of the mtoiior of tho well, 8 or 10 feet deep, is first 
excavated in the manner already desenbed, oi otherwise 

Tim stop bolts are then put in position for tho fiist cut, in the quad- 
rant holes, and the machine lowered by the rope Q and suspenders 6, 7 , 
when it reaches tho bottom of the excavation, the rope Q is slackened, 
dl2 
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and the rope 0 hauled tight and kept so, this causes the arms A, B, to 
move out till they touch the clay they are to cut 
The maohme la now turned round back and foiward by the handle H, 
fixed to the rod R, and this causes the aims to cut gradually out till 
they reach the stop bolts, placed to limit the diameter of their cut, and 
by keeping the rope 0 tight, while the under-cuttei is being turned, cut 1 
will be carried light up to the well cuib as shown in Fig 8 

When this cut is finished, the rope 0 is let slack, and the machine 
diawn to the cylmdei top by the rope Q, the clay cut out should now be 
dredged up, and the stop bolts moved out and placed in the holes for 
the diameter of the next cut, which may then be made as already 
described 

In JPlaie II the undei cutting is represented as done in three cuts 
maiked 1, 2, 3, the conesponding positions of the arms being shown by 
dotted lines 

In practice the number of cuts will vary with the natuie of the soil 
out, being few m soft and many in hard materials 

It will be seen, however, that the under-cutter just described is of 
strong and simple constinctioa, and that it will make cuts of very many 
diameteis 

The aims are placed below their fiame so as to out upwards, in order 
to prevent their being caught, and the machine held fast in the event of 
a well suddenly sinking If this should occur, the tendency of the 
sinlung well would be to close the aims, so that the machine could be 
drawn up by hauling on the rope Q 

The author, with one of these machines, undercut a hole 8 feet 6 inches 
m diametei, formed m stiff dry clay soil, till it attained a diameter of 
10 feet 4 inches, e^nal to an undercut of 3 feet 5 inches all round 
The above described machines are all arranged so that they can be 
worked by the same 2-mch square iron bai turned by the handle H, 
which 18 made so that it may be quickly taken off by turning bach the 
sciew handle /, Fig 8, which unolamps the catch g, which is theikftumed 
over into the veitioal position shown by dotted lines, and as rapidly put 
and clamped on the lod R by reversing the above process 

A platform to support the men who turn the handle H is also neces- 
sary, and this may be made in a very convenient form as shown m Figs 
1, 3, 8, it consists of a square frame IiL, (of size suited to the wells on 
SIS 
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which it IS used,) to which doors y, z, aia socuiely hinged, these when 
open allow the excavator to pass up fiom, or down into, the well, and 
when closed, as in Fig 8, form a level floor on which the men working 
the machines walk loiind 

In connection with this, a bairow D running on rails as in Figs 1, 3, 
fahonld be used, into which the Helical excavator aftei coming up full 
IS discharged, and then lowered at once, the bairow being run back and 
its contents thrown into the iivei below 

In Older that these machines may, when used, run freely up and down 
the rod E, it should always bo suspended in such a mannei as will pre- 
vent it from getting bent, and at the same time allow it to turn freely 

This may bo conveniently done when wells are 12 feet m diametei or 
more, by building up poitions of them E, P, as m Figs 1, S, and fixing 
on top of these walls a cross-beam M, in the centie of which is placed 
a boxed cast-iron socket J, Fig 4, and in this lests and turns the gland T, 
formed with a rectangulai hole, m which the rod R fits, and is fastened 
by the key K 

T, J, and M, Fig 4, are provided each with a side opening, so that 
the rod E may, when unkeyed, be taken out without disturbing them 

On one side of M is bolted the double pulley P, thioiigh the sheaves 
of which the rope 0 or ropes 0, Q, requiied to work the various ex- 
cavators, pass, Fig 1 

In small wells citliei the cross piece M can be supported by four 
raking legs mortised at foot into the frame LL, or a deirick pole used 
as in Fig 8 

When a derrick is used to work these machines, it should be fitted 
with a Jib J, controlled by ropes E, P, having at its extiemity a double 
pulley P, through the sheaves of which the lopos 0,Q, lequired to work 
the machines, pass 

The rod m this case should be suspended by a swivel book B, tied to a 
rope G, which after passing through the sheave U is secured to the 
lower part of the derrick 

The pulley P should always be kept below tho top of the rod R, (which 
may bo easily done by lowering the jib J,) so that when this is turned, 
the ropes 0 and G cannot twist together 

Before ooniniencing work the rod E should be tinned lonnd and al- 
lowed to sink by its own weight 6 foot or so, into the material at the 
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bottom of the well, and tteii buspended, so that its lower extremity 
may have a steady guide to woik in 

For depths of 40 feet or so, continuous rods foimed by welding 2- 
moh square iron bais togethei, up to a length of about 50 feet, will be 
found most convenient , but for greater depths jointed lods aie more 
suitable 

These rods can be put into the wells in which they are required to be 
used most conveniently by means of a deiuck, before the wells aio 
built high up 

Fig 6, Plate I , shows a joint for use with the 2-inch square iron lods 
E, it consists of two pieces A and B which form a splice, held togethei 
by the screws 6, 6, and further strengthened by the socket or collar 0, 
which IS slightly tapered inside to fit the conesponding taper of A and B 

The smaller end B of the joint should be kept up, and bo welded in 
this position to the 2-inch square bars, as shown m Fig 5, these may 
be about SO feet long, a bottom length of 2^ inches square iron, 15 to 
20 feet long, being lequiied to drive the excavator, which, when used 
with a jointed rod, requires to have holes 2§ inches square in it, to allow 
it to pass fieely over the joints 

The collar 0 can bo driven on tight by slipping the iron piece S, Fig 7, 
down on its end , and striking that with a hammer When the collar 0 
has been diiven home, it is secured in place by the stud screw 7 , the 
joint and collar should be well oiled before being put together, to pre- 
vent them rusting togethei 

If the machines just described be used on the same woik, the rod E 
would remain as at first placed in the well centre, and after a hole 10 
or 15 feet deep had been made by the excavator, it would be taken off 
the rod B, and the Enlargei and Under-cutter would be put on in succes- 
sion, to complete the excavation to the diameter of the exterioi of the 
well, being worked by the same rod and appliances used foi the excavator 

In conclusion, the writer trusts that the apparatus just described for 
excavating and iindei-cntting wells, when being sunk in clay, may meet 
with the appioval of Engineers in India, who have experienced the diffi- 
culty, delay and expense there is, in getting and placing the very heavy 
weights required to sink wells through clay when their curbs are not 
undeicut 

E, W S 
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THE KRISHNA BRIDGE, NEAR KOLHAPUR 

[Vide Plates I and 11 J 


By MiJOR E D’O Twemlow, R B , Exec Engineer, Kolhapur 


This bridge is on the road from Bijapni to the coast vx& Kolhapur and 
the Amba Ghat It oiosses the river Kiishnn at the village of Oodganm 
24 miles due east of Kolhapur Taking ite rise in the Western Ghats 
close to the hill station of Mahabalesbwar, the river, on issmiig from the 
hills, takes a soiitlieily course parallel to the range until it reaches the 
bridge site about 150 miles from the souice At this point the area 
drained by the rivei is 5,000 squaie miles The nuniial rainfall over 
this district varies fiom as much as 250 inches along the ghat water- 
shed, to to inches about Batara on the right bank, while on the eastein 
or left bank, the average probably does not exceed 20 inches The width 
of the waterway is about 800 feet, and the depth of the liver in extreme 
floods IS 56 to 60 feet, at these times, however, the water coveis the coun- 
try on each side to a large extent The aiea of waterway afforded by 
the bridge is 40,000 sqnaie feet, and assuming that the velocity of the 
water is 5^ feet per second, the discharge would amount to 2,20,000 
cubic feet, equivalent to a rainfall of 1 63 inches per 24 hours ovei the 
entire district 

The work was begun m March 1875, and finished in Mauh 1879, at a 
total cost of Rs 4,50,000 Of this sum two lakhs weie conlnbiitions by 
Native States, the balance being paid by the Biitish Government Ihe 
bridge is built entirely of stone masonry, and consists of 11 arches of 
70 feet span, on piers 56 to 60 feet in height, the total height from 
river bed to loadway being 82 feet The foundations are all on the lock 
which extends right across the channel, though covered in places with 
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In the design two abutment pieis Nos 4 and 7 are piovided The 
width of the oidm-iiy pieis is 9 feet at top, incieased by one foot offsets 
to 15 feet above foundations In oidei to save ma&oniy, the usual out- 
watois on tliL dowii-btioam side aie leJuced to the foim of a flat buttiess 
hiving a battel of 1 in 7 

In the snperstuictuie the only peculiarity is the intioduction of con- 
crete hpandiol arolius Two of these of 7^ feet span, supported on a centie 
wall, and on the two face walls, suftice to cany the loadway over the pieis 
between the main aiclies By this means two voids oi spaces aie left 
ovei each piei, raeasntiii!’ 30' X 10 X 7^', equal to 4,500 cubic feet 
If these had been filled up m the usual way with gravel or stone, it 
would ha\e added 250 tons to the weight ovei the piei As it is the 
weight of an arch and its supeistiuctuio amounts to 1,200 tons, and tins 
IS oairied on a piei measuring 9' X 22' = 198 squaie feet, pioduoiiig a 
pressnio of npviards of 6 tons, oi 12,450 lbs per square foot Tbe addi- 
tional 250 tons would incieaso the piessuie to 16,400 lbs , oi 114 lbs pei 
squaie inch, which would be an e\tiem 0 weight foi ouhnary masoniy 

'The omission of wing walls fiom the design will also be noted If 
the Ubiml pattern of splayed wings, 82 feet high from the rook, had been 
built it would have added anotbci lakh of rupees to the estimate The 
mass of loose stone extending lound the abutments answeis the same 
purpose at fai less cost, and without seriously obstructing the waterway, 
as the end arches aie beyond the natural bank of tbe river There is 
another objection to masonry wings bonded to the abutment, foi eithei 
from unequal settlement or othei cause they aie often found to sepaiate 
from the abutment, leaving an unsightly crack at the shoulder, if not ac- 
tually endangering the whole stnicture 

With legard to the mateiials available for the woik, the stone was 
quarried from some hills 2J miles fiom the site, and consisted of the 
ordinary dark colouied tiap of the district It is a hard and dmable stone, 
weighing ls5 lbs to the foot, hut intractable to work fiom the want of 
any regulai planes of cleavage Tbe stone was biought to the bridge 
by a tiamway of 2 feet C inches gauge on winch the tiucks, each car- 
rying about tvo tons of stone, weie pushed by a oonple of men The 
line was continued down into tbe nvei bed by means of an inclined plane 
supplied with a drum and biako and endless chain By this means the 
loaded tincks in descending pnllcd up the empty ones for the retuin trip 
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The kankai for hme was collerted in the neighbourhood a part con- 
sisted of the nodnlai kind found in the soil, and pait of the quariied or 
block kankai It was burnt with chaicoal in continuous kilns similar to 
Ml Dejoux’s pattern, but highei and nariowei, viz , 18 feet from hearth 
to top, 5 feet diametei at top, and 3 feet at bottom, and they were 
built undei the iitbi bank for convenience of loading from above, without 
the necessity of climbing stops These tall kilns lequiie less fuel and 
burn the hme more steadily, being less liable to the mfluenrc of draughts 
flora change of wind, &c The quantity of chaicoal allowed was dO cubic 
feet, 01 800 lbs to the 100 cubic feet of kankar For the moie im- 
portant poitions of the woik, wz , the foundations, aiching, and the con- 
crete spandiel aiohes, the kankar was treated as a cemout in being hot 
ground, (i e without slaking,) and then sifted thiongh a fine soieon of 
eight meshes to the lineai inch This plan gives a qnickoi setting and 
stionger moitar than that obtained by slaking fiist and then mixing , 
piovided the kankai is clean, baid, and of hjdiaulic natuie The avoiage 
tensile strength of briquettes made of the budge moitar (1^ sand to 1 of 
hme) was 50 lbs per sqiiaie inch at the age of one month, increasing 
to 65 at two months, and continuing to inciease up to a year Tlie 
moitar made fiom the cement or hot ground hme usually gave lesults 
better by 20 per cent than the above 

In excavating the foundations, the water was kept out by bunds of clay 
round the site, the lock was usually excavated to a depth of 5 feet 
01 until a solid stratum was leachcd The first two courses of masoniy 
were built of solid block in course set in Portland cement, the stones 
being chisel-dressed on beds, and measuring not less than 2' G" x 18" x 12" 
Above this, and above ground up to spimging level, the masonry of piers 
and abutment is constructed of a mixture of block in course and rubble 
as follows — 

The facing to a width of 18 inches is block in course These are large 
stones 10 to 14 inches m depth, 2 to 4 feet 6 inches in length, and 18 
inches wide, with top and bottom beds chisel-di eased throughout, so as to 
allow of J-inch bed joints, with no pitch holes of more than 6 inches dia- 
meter, and 1| inch depth The side joints are vertical, but excepting foi 
12 inches in from the face are only hammer-squaied, so as to give joints 
of 2 to 8 inches width. In addition to the face stones, bands of this 
block in oouise 18 inches in width aie run tiansversely and longitudinally 
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about 5 feet apart in a chess board or gridiron pattern over the whole 
area of the structure These courses lie one ovei the othei from bot- 
tom to top, thus leaving rectangular spaces or pockets between These 
spaces are filled in simultaneously with couised rubble consisting of 
roughly sqnaied stone about 1 foot in depth, and moasnniig not less than 
1| cubic feet, the stones being caiefully fitted give joints of 4 to 8 
inches, and all hollows are filled with smaller stones completely embedded 
in mortar 

The estimate rate for this class of masonry was Rs 60 per 100 cubic 
feet, and it was nearly worked up to as follows — 

Matmal 

ES AS P RS AS p 


£0 cubic feet dressed stone, @ Cf nnnss per cable 
foot, 20 6 0 

60 cnbio feet rabble, @ Rs 12 per 100 cnbic feet, 7 8 2 

Carnage of 110 cubic feet stone milts, @ 9 pie 
per foot, 6 2 6 

Mortar, 6 0 0 


Total matonal, Rs., . SS 10 8 

Labour 

12 Masons for setting @ 10 annas each, .780 

20 Navaghnanies or bamboo coolies, @ 4 annas, 5 0 0 

Coolies, women and boys, 2 0 0 

Smiths, steel and charcoal, 2 8 0 

Scaffolding, . 18 0 

Sundries, 18 0 


Total labour, Rs , 20 0 0 

Total per 100 cubic feet, Rs 68 10 8 

Up to 30 feet from the giound, the mateiial was earned up to the 
piers ovei inclined planes of planks supported on scaffolding , and in the 
case of the abutment piers, winch lequired a double quantity of stone, 
tbis was continued mo spiral foim lound the pier up to the top But 
for the ordinary piers a hind of revolving deriick, set up on the pier, was 
found to answer well G'he hoisting chain and revolving arrangements 
were woiked entirely from below, so as not to take up the woihing space 
on the pier The top of the pier under springers was finished off with 
two courses of solid block m course 

In designing the centres, it appeared to be the most economical plan to 
dispense with intermediate supports, aud to make the ribs strong enough 
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to span from pier to pier as a girder Supposing two rows of intermedi- 
ate posts or pillars had been introduced to carry the weight from the 
ground, each post must have been from 60 to 70 feet high, and to sustain 
the weight (upwards of 20 tons each) they could not be less than 15 
inches square, also they would loqiiire support against cross-breaking by a 
strong system of tiansveise stints All this would require a quantity of 
the largest and tlierefoie most expensive class of timber 

The total weight of the plain arch iing 3 feet 6 inches to 3 feet thick 
is 520 tons, and thepoitionof thisactuallybeniingontheceiiti8{caloulated 
by the formula given by Bankine at page 488, Eankine’s Oivil Engineer- 
ing) 18 300 tons The plan adopted is a system of four nbs resting on 
brackets supported on oflf-sets left in the piers A iib consists, vtde 
figure, of an arched oi polygonal frame of timber following the shape of 
the arch in oombmatioii with a system of raking struts and a tie beam 
The arch frame consists of double back pieces of lO" X i" phaks set 
on edge and spaced 8 inches apart, by means of packing pieces 2' 6" x 
10" X 8" inserted between them The ends of the back pieces are cut 
radially so as to butt fairly one against the other, the joint being com- 
pleted by I inch bolts and one incli bamboo pins through the packing 
pieces In the oentie or crown of the ub, the 8-inoh space is filled 
by a straining beam 15' x 12" X 8" to receive the heads of the two 
largo struts 18' x 12" X 8" On both sides of the straining beam, for 
a distance of 8 feet, the 8-inch space is also filled with two additional 
10" X 4" back pieces, forming the caps to the two smaller struts 14' x 
10" X 8" There are also two veilical struts 8' X 5" X 5' to stay out 
the nb above end of each biacket The feet of all tliiee struts on either 
side are stepped into a horizontal plate 12" x 8" resting on the striking 
wedges The straining beam is trussed in centre by a 8" X 8" veitical 
post suspended on l|-mch round tinss rods The tie-beam is of double 
10" X 4" planks, so as to enciicle the raking struts, it also secuios the 
centre trues post by means of the 2-moh non pm which is passed through 
the eyes of the truss lods and centre of tie-beam To the same pin are 
also attached the two counter-ties of §-inch chain, whose lower ends are 
attached to the end of the hoiizontal plates These latter cliains are 
merely intended to hold the nb together while hoisting into position 
The scantlings of the bracket are given m Plate I , on the inside of 
the right angle is bolted a large 6" X 1" iron angle plate, and through 
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a hole in this plate is passed the 2-mch non ma&oniy tie-bolt which 
holds up the bracket against the pier The leai end of the biacket at 
top IB foiiued into a step mclmfed m direction of radius by a chock piece 
bolted on it The end of the back piece piojecting beyond the hoiizon- 
tal plate is also cut off ladially, so as to abut fauly on a sot of wedges 
resting on this step, thus connteiaoting any tendency of the biacket to 
fall oiitwaids fiom the weight at its outer end 

The timbei used in the centies was chiefly muttee (eyiie) and nana 
(ben teak) Those aio veiy strong but heavy woods, weighing fiom 55 
to 62 pounds per foot The weight of a bracket was 1-^ tons, and that 
of a rib complete 4| tons 

The hoisting was done in this way The four 2-iiioh tie-bolts having 
been insetted thioiigh the holes left foi the puiposo in the masoniy, the 
eight brackets weio hoisted m snccesBion by means of a small deiriok fixed 
on the pioi with a double i-mch chain fall woiked fiom a wiuoh below 
Between the feet of the biackots and the step cut in the pier, wooden paoL- 
ing pieces were placed, so as to take all the weight of the brackets off 
the tie-iods Then the top of the brackets having been ooveied with 
S-inch planks, foimod a convenient plotfoim for the next opeiation of 
hoisting the ribs These wore brought in pieces on to the nvei bed 
below, and theie put together alongside one anothei, in a position obligue 
to the budge axis, so ns to clear the piei offsets The hoisting was dona 
with an ordinary jib ciano made of two teak spars, the jib being 37 feet 
long and about 11 inches mean diameter, and the oiane post 24 feet long 
and 9 niches diameter The back and fiont suspension stays consisted of 
treble ^-mth chains The lear ends of the back stays hemg separated 
were made fast to the two outei ribs of the centie of the arch m real near 
their Clowns, the ciano itself being sot up on the outer end of the two 
centre biackots on two l5-mch squaie balks The jib at an angle of 
4o had a rake of 24 feet, and thus could command the centie of the 
span 33 feet from piei The hoisting tackle consisted of a tieble fall of 
f-inch chain working through two double pulley blocks with 10-inch 
Sheaves The hoisting end of the cliam was led down direct fiom the 
fixed block at end of jib, to a large double purchase winch secured to the 
biacket platfoim immediately in real of the ciane The hook of the 
lower or runnmg block having been made fast to the hack piece of rib 
at Its centre, it was fiist set npnght on the ground to tighten up bolts 
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and to drive tlie wooden tice-nails on the underside Then the hoisting 
was continued, the rib hanging vertically, but with its plane atliwait the 
line of budge, until it was high enough to cleai the piei offsets, when it 
was swung by gny-iopes under the biackets, and passed up still in an 
oblicpie position thiongh the outei bracket openings up to its final height 
about 2 feet above It was then brought parallel to its proper position, 
and loweied on to balks placed to receive it The iibs destined ioi the 
outer positions still required moving side ways into position, and this 
pioved a somewhat liazaidoiis operation, because the hoisting tackle whitli 
kept it upiiglit had to be lemoved, and its oflico supplied by guy-iopes 
led down to winches placed on the ground some 200 feet up and down- 
stream The gnys weio made of ^-inch wue rope, two on each side 
4-inoh Manilla lope was fiist tiled, but did not answei on account of 
its tendency to stietch when a gust of wind acting on a laige suiface 
of the lib thiew a sudden stinm on it Tiaver&mg the feet of the ribs 
side ways was eSetted by dififeicntial pulley blocks fastened to the boii- 
zontal plates on each side, the othei ends being fixed to the outei biackets, 
and the tiavcisiiig ways being slightly gicased No sooner was a pan 
of libs faiily in position, than they weie secured togethoi by nailing on 
some of the 3-inoh laggings, and fixing diagonal biaoing m centre be- 
tween the truss posts The laggings consisted of deal planks, and were 
fastened with bamboo pins instead of nails, lu order to facilitate lomoval 
and cause less damage to the planks 

The stones foi arching are all cut stone, t e , diossed fair on all sides, and 
all one foot thick at soffit The 3 feet 6 inches thickness near spiinging 
IS made up by a couise of 2 feet soffit stones, aud 1 foot G inches back 
stones, alternating with a coiiise of 1 foot 6 inches soffit and 2 feet back 
Neaier the ciown the stones lun 1 foot 9 inches and 1 foot 3 inches alter- 
natively, the aveiage bicadth being 2 feet They were all hoisted iiom 
below, thiough holes left foi the purpose m the laggings, by means of the 
small tnangular dei rick fiamcs, with an non block and chain fall overhang- 
ing the hole The othei end of the chain having been passed thiough a 
leading block on the giound level, was attached to a team of four or six 
bullocks, who thus drew up the load just as they would draw a mote fiom 
a well Befoie the masoniy leached the tie-heara, or at about 8 feet fiom 
springing, the crown of the centre bad to be loaded with about 20 tons of 
stone, ! e , 5 tons to each rib, to counteract a tendency the nbs gave to 
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nse at the crown This did not prevent a slight crack opening later om 
in the haunches, but not sufficient to cause any uneasiness The last 18 
feet of the ring on each side of the ciown was earned up and keyed in 
with soffit stones before completing with back stones to the full thickness, 
in Older to lighten the weight on the centres as much as possible The 
backing was carried up to n height of 8 feet only above spiinging, and 
finished off level Wlicre there was no cause for delay, it took fiom 
three weeks to a month to turn an arch 

Striking the centics was usually effected the second day aftei keying 
in the outer iing The settlement at the ciown as taken by a level was 
generally less than half an inch When the sinking wedges had been 
properly greased befoie putting in with a mixtuie of soap and giease, 
they gave little trouble m getting out, but in one or two cases where tins 
had not been done, the wood had to be cut away with chisels The sand 
boxes were chiefly used to lowei the centie after it was clear of the arch, 
and foi tins they are well adapted, but for suppoitmg the woik undei 
cons ti notion they aio not so lelinlilo as hard wood wedges, because there 
18 always the chance ot settlement from caieless packing 

In the working season of 1876-77 the fit st foui arches were turned, 
and in the following season the remaining seven Tor the rams of 1877 
the libs were left suspended by chains under the arch nngs, the laggings 
and the biackets having been taken down Lowering the nbs was done 
through holes left for the puipose in the keystone couiseof the aich 
ring The winch having been placed with its bairel over the hole with 
the loweiing chain coiled on it, the operation was done just in the inverse 
way to hoisting 

With regaid to the investigation of the strains m the nb, it is evident 
that where two systoiis of arch and truss aie connected in one frame, it 
is impossihle to deleiniino the exact propoition of weight upon each In 
fact, were it not for the yielding of the joints of the iib, all this snh- 
slrucluio of trussing would be unstrained Supposing, however, that the 
arched fiamo bears the whole load , we have, according to Rankine, equ- 
ation 7, page 488, Rankine’s Civil Eiigineeiiug, the horizontal stress at 
middle section, or H = M — d, where 

M = W{cs.--i^-4 - 

which worked out gives in this case M = 1116 foot tons, and H = — - 
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= 65 tons The nection of the double 10" x 4“ back piece average, 
about 70 square inches This gives a piessuie of about 2,000 lbs to 
the inch, a strain exceeding the ordinary safe working load, but not in 
excess of the ciushing stiength of hard wood It may be shown also 
that the secondary system of radiating struts suppoited on end of bracket 
IS quite capable of itself of sustaining the whole load Expeiience 
proved pretty conclusively, however, that the aich bore the mam portion m 
eveiy case, for it was mvanably found that, on easing the centies, the back 
wedges supporting the aich woie jammed harder than the front ones carry- 
ing the struts Indeed the lattei were sometimes eased cleai of the plate 
above at the first blow of the hammer, and before the back wedges had 
been struck at all, showing that the weight of the arch was then taken 
by the back piece only And this was the case to the last, although 
owing to the fact that five centies only were made for turning eleven 
arches, some nbs were used three times ovei, and the consequent hoisting, 
lowering and shifting with an occasional immersion m the iivei natural- 
ly entailed much rough usage to the joints 
The head walls and a centie wall aie earned up to a height of 10 feet 
above backing, to carry the conciete spandrel aiches These weie laid 
on a wooden centaimg, composed of planks suppoited on small iibs of 7i 
feet span The rise of the arch is I foot, thickness at crown 15 inches, at 
sides 2 feet, and 2 feet 6 inches over centre wall Diamage holes are left 
at the sides, so as to lead the water from the roadway on the baoking, and 
thence through the aich ring by holes made thiough it 
The concrete was composed of 1 pait hot giound Lankar lime, 1 of 
sand, 4 of bioken stone The latter was made from a soft species of 
porous tiap found m the iiver bed, and it was broken small enough to 
pass thiough a 1^-inch ring The mixing was done by hand as follows — 
The stone having been wetted was spread out on a wooden floor to a 
depth of 4 inches, then the sand and unslaked lime ovei it in the proper 
proportions The whole was then turned over, fiist dry and then with 
water, and sent on to the work while still warm fiom the heat of slak- 
ing The concrete was laid over the arch in layers of about 6 inches 
thickness, which would be reduced to about 4 inches by ramming At 
4 feet intervals across the aiches, and enclosed m the concrete, are bars 
of 2^" X uon laid edgewise on the centres, and long enough to leach 
across the bridge The work was kept wet foi a month, when the con- 
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teuuga wore uaually loweied, and the sides of the openings w I’led up 
with diy stone These niehes have since been tested by hauling over 
them a cart loaded with lails so as to weigh neaily two tons Although 
some of the arches tested were only a month old, this weight had no 
appicciablc effect on them The 1,01101 ete, howevei, would have been 
bUtoi with a higei propoition of lime, say 1 to 3 of othei niateiial 
It‘, cost, including centeiing, but exclusive of tho bai non, amounted to 
Es 18 pel 100 cubic feet 

Theio woie two accidents to life during the coiiise of thewoik, neither 
of .vliioh could he asciibod to any failuie in the woilang One man 
fell to tho ground from the oentics, the other was stiuclv when on the 
gioiind below the niching by a small wooden handspike let fall by a 
lu ison woiking above 

Tho thief items in the Work Abstract is attiially earned out aie — 


0 ft 


Rs 

6,03,000 

Excavating foundations in coith, at Rs 12 3 poi 100 


cubit ftct, 

6,900 

49.000 

Excavation in rock and water, at Rs 10 13 10 pei 100 


cubic li ot, 

5,866 

01250 

Block in course in fonudationa, at Rs 08 7 7 per 100 



cubit fott, 

37,146 

V9,300 

1 Block in tovuae and inbblc snpoiatructnrc of piers and 



abutmonti, at Rs 59 12 8 per 100 cubic feet. 

1,91,026 

69,582 

Arching in dicased stone, at Rs 87 8 4 per 100 cubic feet. 

60,897 

02,u00 

Coursed rubble m head walla, at Rs 24 10 2 nei loo cubic 



feet, 

12,946 

ir.lbO 

Concrete in spandrel aiches, at Rs 18 0 9 pel 100 cubic 


rg ft 

fcot, 

3,261 



1,816 

Cornice, at Rs 3 18 pei foot, . 

5,fiS5 

1,816 

Paiapet, at Rs 6 2 8 pei innning foot, 

0,480 

No 



0 

Ceutics, at Rs 760 each, , 

8,760 

<1 

Removals nnd resetting up at Rs 1,026, 

6 160 


Earthen approaches, including stone endings, 

16,044 


Minoi items and contingencies, . , . 

69,644 

4,18,233 
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EEPORT ON THE PROPOSED WATER SUPPLY TO THE 
TOWN OP SHOLAPUR 

iVide Plate] 


By C T Burke, Esq , BE , Assoc Inst C E 


The town of Sbolapui, the suddei station of the Sholapur distuct, is 
situated in latitude 17° 40' noith, and longitude 7G° 57' east, its dis- 
tance fiom the sea in. a diiect hue is about 181 miles, and its height 
above mean sea level at the site of service reseivoir No 2 is l,6fi3 feet 
The mean aieiago lainfall in the past eleven years amounted to 31 49 
inches, the maximum and minimum in the same period being in 1S7S 
and 1876 lespectively 69 37 and 10 57 inches 

Previous to the constiuetion of the Ekruk tank and canals, the inhab- 
itants of this laigo and populous town were dependent upon the unoei- 
tain supply obtained from wells for water foi dunking and domestic 
pm poses, and were it not for the supply afloided by the Ekiuk tank m 
1876, it IS not too much to say, that a population of moie than 50,000 
would have oxpeiioncod the duo offecta of a water famine 

The piuicipal canal leading from the Ekruk tank passes aionnd the 
town of Sbolapui, at distances vaiying fiom half to one mile fiom the 
outskirts, and as much ns two oi tliiee miles fiom the luteiior paits of 
the town, the supply though constant, and abundant, is at long distances 
from tho bulk of the inhabitants, it has, theietore, been decided by the 
Municipality to nndeitako a scheme for a complete supply ot dunking 
watei to the town and its enviious 
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In this sclieme it is proposed todiawofif the watei from the Ekriik 
peicnnial canal, in the 4th mile, thiough a O-inth non pipe into a 
settling tank, from which it is to be led into the pump well situated m 
the engine house, and flora thence is to be pumped diiect, thiongh a 
lino of pipes, 9 inches in diameter, into two seivice reseiroiis placed at 
diffeicnt levels in the town, and fiom which the distiibutiou will be 
effected 

The calculations of the engine power will be found in Appendix No I , 
fioin which it will bo seen that about 40 horse-power will be required to 
raise the lequisite supply in ten horns It is proposed to use two special 
pumps by Taiigye Bi others and Holman, each of 20 horse-powei, and 
so arranged, that eithoi can be woiked separately in the case ot accident 
to the othei, or combined, so as to give out the full effect leqmied 
Tlio calculations upon which the dimensions given to the mam pipes 
are based will be found m Appendix No I 
Appendix No II contains detailed desciiptions of the various parts of 
the woiks, which aie illustrated in the Plate 

The total estimated cost of the woiks including establishment and all 
charges is Ns 1,4'}, 894, distiibuted as per abstract estimate, sea Appen- 
dix No II The cost per head of population to be supplied will be Rs 
3 827 

The following may be assumed as a fair estimate of the monthly ex- 
penses necessary m connection with the engines, &o — 

Ea 

Engineer with let Class certificate, „ 75 

Eircman, gg 

Coal per 10 hours, or 19 cwt , @ Rs 36 per ton, ] 026 

Oil and waste, ’ g 

Sundry stoics, g 

Monthly expenditure Ea , 1,136 

If wood fuel be used, about 2^ tons will be required per day, and as- 
suming a rate of Rs 8 per ton, the monthly cost of fuel will be Rs 600, 
and the other items lemmnmg the same, the monthly expenses will be re- 
duced to Rs 709 This estimate is of course exclusive of depreoiatiou 
of machinery, and the ordmary expenses attending the maintenance of the 
TYorka It may be here remarked that the depreciation of machinery is 
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greater in the case where wood fuel is used, as it is moie destructive to 
iron than coals 

The maximum cost of coals in Bombaj, distributed ovei the past ten 
years, gives a mean average of Rs 21 64, to which must bo added the 
cost of oaiiiage by rail and road, which bungs the average up to Rs 36 
pel tou delivered on the works 

The following is the lesult of an analysis of samples of water taken 
fiom the canal at the place from whence it is pioposoJ to take the sup- 


ply — 

Total solids, giains per gallon, 10 86 

Chloune, 0 46 

Pi oe ammonia, ports per million, 0 08 

Albuminoid ammonia, 016 


SedimtHta Vegetable debris and diatoms 
It IS sati&faotoiy to know that the water is sufficiently pure to admit 
of its use foi all domestio purposes without the mterventiou of filtration 


APPENDIX No I 

Calculations of the poioei of machneiy, dimensions of pipes, , reqiived 

Population of Sholapur as per leturn collected to 

1872, 60,606 
Allowance per head per diem, =: 5 gallons 

Quantity of water to be delivered m the town daily, 2,53,330 


Relative levels of important parts of the pioposed work — 


Sui face of water in Ekink peienmal canal at “ take 
off,” = 163 50 

‘Full supply’ oi surface level of woter m settling 

reseivoii when full, = 163 00 

Floor level of ditto, = 158 00 

Bottom of engine well, = 150 00 

Sill of mam pipe at staiting point, = 153 00 

‘ Full supply’ level of smface of water in seivico re- 

servoii when full, =: 252 OO 

Floor level of ditto, = 239 OO 
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;ly to towh of sholapok 


The leduced levels of impoitant parts of the town to be commanded 
will he found on the plan in Plate 

The total length of mam pipe, = 8,470 feet 

Actual height to which watei must be laised, = 99 „ 


Dischaige in cubic feet per second 


D in },flllon3 

~ C 2u X 10 X 60 X 00 


2r.j ro 

— 6 X 10 00 X 00 

=. 1 125 cubic feet per second 
Let d = diameter ot pipe in feet 
Y =: Velocity m feet pei second 
k = Head oi fall pci mile in feet 
D = Discharge in cubic feet pei second 
D 1 12, assumed = 8 niches oi 6G foot 


= 3 28 feet pei second 
_ 2 3XV ‘_ 2 3/ ^ 2S» 

^ <1 “ 0 00 ’ 


whole h = head due to friction pci mile 
= 37 J 9 feet pci mile 

Head due to fiiction in total length of pipe =z - 
:= CO feet nearly 

Tn the above calculations, the diameter of the mam pipe was assamed 
to bo 8 inches, while it is really to bo 9 inches, the extia inch bemg 
allowed foi deposits, incrustation, (J-c 
Absolute powei oj engine tequiied — It is proposed to raise the whole 
day 8 supply, 2,53,830 gallons, in 10 hours Woik to be done by the 
pumps in raising 2,53,330 gallons to a height of 159 feet m 10 horns, 

lior=e-power = hoise-power = 20 34 

To which add 90 per cent additional powei to provide against contm- 
gencies, that is assuming the efficiency of the pumps to be = 0 52G, the 
absolute hoise-powei itquiied = 3S 70 
It is pioposcd to use two engines of 20 hoise-powci each, which can 
he worked separately or combined 
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APPENDIX No II 

Estimate of the piohuhle coet of supplying with watei tJit town of Shola- 
pin, situated in the Talula and DistiiU of Sholapur Amount of Esti- 
mate lis 1,93,894 

Eesciiphon — The water to be taken fiom the Ekiiik perennial canal 
in tlie 4th mile, and passed by an non pipe into a settling tank, designed 
to hold 5^ days’ supply Fiom this tank the water to be led off to the 
pump well, situated in the engine bouse, and fioui thence to be pumped 
up and oondneted through the mam pipe to seiviee useivoiia Nos 1 and 2 

The seivice leservoirs contain a combiiud supply of 3^ days, and 
fiom them the distribution m the Town, Suddei Bazaar, and Modi khaiia 
will be effected 

The Plate illustiates the diffeient woiks 

Fig 1 A goneial plan showing position of tho settling tank, engine 
house, main pipes, seivico leseivoirs and proposed lints of distribiitiug 
pipes 

£ig 2 Details of settling tanks 

Fig 3 Detiilsof service leservoii No 2 

Steam pumps, hoilei s, engine house, ijc — The pumping machmoi'y to 
consist of two special steam pumps, by Tangye Biotlais and Holman, each 
of 20 Loiae-powor, and piovided with connections, so that one or both 
can be woiked as ottasion may lequire Each pump to have a IC-inth 
steam cjlmdei, and 10-inch double-acting watei oylmdei, both having 
36 -inch stioke 

Two boileis to bo piovided, each 18 feet in length and 5 feet dia- 
metei, of the Ooimsh type, with a flue 32 inches diauietei , they shall bo 
fitted with steam domes 28 inches diametei and 30 inches high, and bo 
complete nith all fittings, steam pipes to connect tho boilei and pump 
together with exhaust steam pipes to be provided 

A building of suitable dimensions and design to be piovided as engine 
and boiler house 

A coal 01 fuel shod and small bungalow for the Engine Diivei’s resi- 
dence to be constructed in the engine house compound 

Settling tan! — Tho water to be led hy a 9-inch pipe, fitted with a 
sluice vahe, fiom the Bkruk peienmal canal, into a settling tank, of 
which side section is shown in Fig 2 

This tank IS to Lave a clear length of 147 66 feet, and width of 117 66 
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foot at the full supply level, and 14C feet at the bottom, with a depth 
of 10 feet Its available capacity = 13,50,662 gallons, or 5^ days’ 
supply 

Tliu nature of the niateiial at the site of the reseivoir, and through 
which it will be necessiiiy to excavate, consists of muiain, soft and haid, 
with lioiildei'' and soft lock 

A lining of inlible masoiiiy, With a pniapet 3 feet in height, to be oon- 
stinctcd of the dimensions 'hown in the figme 
A 9-inch seouiiiig pipe fitted with valve to be placed at the bottom on 
the western side, comiiimiiciting with the nullah, to admit of the leser- 
voir being cltaicd out when iiecessaiy 
A supply pipe to b' fixed leading flora the tank to the pump well 
Main pipei — 'I he mam pipe to be laid in one continuons line, extend- 
ing fioni the engine oi pump house to the Tuljapui gateway, thence 
along the mniii stieet through the Bijapiii gateway and seivioe leseivoir 
No 2, sec Fiq I 

The pipes to have a cleav diameter of 9 inches , the joints to be turn- 
ed and bored of the pattern shown in Fiq 1 

Scimi Rttetim) No 2 — The site selected is situated m Survey No 
212, close to the Oollectoi’s compound 

The enntints = 0,00,(22 gallons, oi 2^ days’ supply 
Tlie icseivoii to be circulai in shape on plan, 08 feet 6 inches mean 
diameter 

For genoial design and dimensions see Fig 8 

The natme of the mateiial on winch the building is to be consti noted 
con8i''t8 of mill am and lock of vanoiis degiees of hardness mixed with 
bmildeis, it will he nece-^sary, owing to the poious nature of the soil, to 
lay coiicieto all over the floor of a total thickness of 12 inches 

The foundations of the walls to be excavated to It L 23G 00, and 
filled in with concrete foi a height ot 5 feet, on this foundation the mam 
walls to he constructed of the dimensions and ijoction shown on the plan 
This superstriictuie to be of the best rabble masonry, ijoped with an 
ashlar cornice, as shown 

The rndialmg and inteimediate wall to have arohes as shown, and to 
be of tlie design and several dimensions shown in Fig 3 

Tho roof to consist of plam galvanized iron sheets laid on the walls 
and on mtermediate T and L iron bais 
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The floor to be plastered with Portland cement, and the exterior walls 
to be pointed on the outside 

A Boounng valve to be fixed in a convenient place to admit of the 
reseivoir being emptied and cleaicd out when necessary 

Sei viCL Bhservoir No 1 — To be similar in design and construction to 
No 2, but of smaller dimensions, and capable of containing days’ 
supply only 

Stand poet and Platfoim ■S'pcci^ca/ioji —The stand-posts and platfoims 
to be of the geneial design, dec 


AbsUoct Estimate of cost 


Ilcms 

Amount 



ns 

AS 

p 

Steam pumps, engine house, &c , as per abstract, 

27,300 

0 

0 

Settling tank. 

16,168 

0 

0 

Mam pipes. 

40 081 

0 

0 

feoivico roseivou No 1, 

0,048 

0 

0 

„ „ a, 

16,037 

0 

0 

Distributing pipes, &,c , 

40,807 

0 

0 

Stand posts and platforms. 

6,190 

0 

0 

Rupees, 

1, (.6,721 

0 

0 

Public Works Establishment, at 16 “/o, 

24,868 

2 

4 

Tools and Plant, at 2 “/o, 

3,31 i 

0 

_®_ 

Total Rupees, 

1,08,891 

0 

0 
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NOTES ON THE FLOODS OF THE SUTLEJ AND EAST 
AND WEST BEYN NALLAHS ON THE SCINDE, 
PUNJAB AND DELHI RAILWAY, AND ON 
THE INDUS ON THE INDUS VALLEY 
STATE RAILWAY 

[rtiiePItite] 


Report hy C Stone, Esq , Acting Agent and Chef Engineer, Sctnde, 
Funjab and Delhi Railway, on proposed utilization of eight spans Sut- 
lej Fudge gitders Septembei 1878 


I HAVE the honor to mvite the attention of the Government of India 
to a proposal to remove eight spans of girdeis fiom the Ludhiana or east 
end of the above budge 

It will be in the recollection of the Consulting Engineei to Govern- 
ment of the Soinde, Punjab and Delhi Railway, both past and present, 
of my opinion (often evpiessed) that the bridge was too long, causing 
from such excessive length the wandering of the mam channels, the ac- 
cumulation of largo sand banks, that consequently contracted the chan- 
nels, and which, there is little doubt, caused the destruction of the brick 
well pieis 48 and 49 in August 1876 
The scour of the mam channels between these piers was 62 feet The 
fallen gilders and piers and the stone protection thrown m from time to 
time rendered it quite impossible to sink new piers between 47 and 50 
I then proposed filling up the deep channel with stone and block kan- 
kar, sinking a boat caisson filled with stone on the exact site of the old 
well pier and over the caisson (after ramming the stone and kankar with a 
heavy pile driver), erecting what I term a cluster column pier, composed of 
four cast-iron cyhnders, fixed to a large wrought-iron bed plate strengthened 
Note — Many letters, plans, &c , in the correspondence are omitteil Only the lead 
ing ones have been selected —[Bn ] 
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With lion roiled loisls The drawing in detail with full dosoription was 
duly submitted to Goveinraeiit through tho Coiisnlting Engineei, sanc- 
timicd it once, the columns weio elected, and the budge le-opened for 
tiaffio on the 12th Decembei 187G 

The tliioe spans of girdei icqniiod to replace tho lost three spans were 
removed from the eastern end of tho hiidge, taken bodily down to the 
gap and elected on tlie chistei colunm piei, and in heii of the throe gii- 
deis so lemovedfrom the rast abutment, a flood bank of eaithwoik faced 
with stone was thrown up down to span oi pioi ')6 

Tho oliister column pieis have now stood two floods, at fiist there was 
a little settlement and tiansveiso moremeut as I fully expected, but foi 
the past SIX months they have not moved in the slightest tlegiee 

In my annual inflection report, dated the 20th of Maich 1878, page 3, 
I again lefeircd to ray belief that the badge was too long, and that it 
was my intention it the end of tho yeai to le open this question with a 
view of showing that the budge, it necessaiy, might bo shoitSued by eight 
spans Tho leoent disnstois in the Beas and East Beyu Valleys have 
hastened the snbmisBiun of these views, and I now wish to lay befoie the 
Government of India a proposal for then oaretul oonsideiatiou, and, if 
appioved, to solicit sanction foi the leinoval of the eight spans with the 
object of utilmmg them foi woiks in the Boas oi East Beyn Valley I 
submit two tiacings of the eastern end of the bridge trailing and pro- 
tective woiks Tincing No 1 shows tho chistei column piei and stone 
work and caissons upon which they weic founded, and tracing No 2 a plan 
of the training works, old and new 

Aftei the election of the cliistei column piei, the long groyne 187()-77 
was earned out to piotect the eastern end of the budge, the effect of this 
groyne has been to foice the mam channels towaids the centie of tho 
budge, and the laige lalnid has been ledueed as shown upon survey for- 
warded with my half-yearly inspection rcpoit to tho 30th June, dated 
Slst July 1878 The largo bay between the groyne 187G-77, and the 
old bank of the iiver 1871, has silted up, and the eastern end of the budge 
may now, I am of opimon, ho considered so well protected that eight moie 
spans maybe lemovcd without iisk , in fact, they are practically no long- 
ei flood openings, uid even assuming that the mam channel took a set 
eastwards and attacked the largo uppci bund and came down against tho 
flood bank, wo should lose caitbwork instead of girdei 
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The plan that I now pioposo is to connect the end of the 1876-77 
gioyiie with chistei column pier 48, constiuct it of stone, oi heavy blook 
kankar well above the highest known flood, with a good maigm foi settle- 
ment, and earned into the iivei at a veiy flat slope, cairying it well below 
the bridge and out to biiek well pici No 47 , in fact, so protect tlio clus- 
ter column piei 48 as to make it the east abutment of the budge, and 
backwaid fiom this so-called east abutment make a flood bank to connect 
it with the present flood bank of 1876-77, which now toiraiuates at pier 
56, and entiiely lemove cluster column pier 49 and the eight back spans 
The early oonsideiation of this subject is of tho gieatost importance, 
as upon it depends what giideis I shall have to send foi to England on 
aooonnt of the re-construetion of destroyed woiks in tho Boas and Boyii 
Valleys, and fiiitliei, th it should it bo appioved, that I may without delay 
make the neeessnty aiiangenient for tho lemoval of the girder, so as not 
to olieok 111 any way tho tialBc of tlio lino, whilst tho girdcis aie being 
dismantled 

By this mail I foiwaid a copy of this letter and duplicate tineings for 
the oousideiation of the Ohniiman, Boaid of Diicctors, and tlioii Coii- 
Biilting Eiiguieei, and have leqncsted them to telegiaph their approval 
01 otherwise, pending also the views of tho Goveiimiciit of India 

Dated 22nd October 1878 
Telegram fiom — Woils, Railway, Simla 
To — Consulting Engineer, Guaranteed Railways, Lahote 
Sutlej Bridge girders not to be moved pending lepoit of Colonel 
Forbes, who has received instiuctions to enquire into the best means of 
pieventing disasters similar to those of this year 


Note on the Water u ay of the Sutlej Bi uhje at Phillour By Major J G 
Forbes, B E 

Dated JuUundw , 19th Decemler 1818 

The original budge constuielcd over tho River Sutlej m 1867 was 
4,227 foot between abutments, with 37 pieis of 12 5 feet diameter, thus 
allowing a clear waterway of 3,764 feet 

This length was fi\od, not on any moasuied discharge or any calculas 
tiou, hut solely because rt was observed that at Karianah, a village 
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about SIX miles above Phillour, the whole flood of the liver passed between 
banks about 4,000 feet apart 

In 1869, in spite of efforts which had been made to tram the river 
(see page 340), it changed its couise, and, abandoning the bridge, turned 
behind the left (LudhiAna) abutment It was then determined to add 
20 spans to the 38 already existing, and the budge thus lengthened was 
completed in October 1870 

In July 1872 two of the piers. Nos 16 and 17, ware carried away, 
and to repair the breach the gap of thiee spans was divided into four 
openings of 83 feet each By these alterations the bridge then consisted 
of 59 spans and 5,730 feet clear opening Of these spans, however, the 
mne on the east or Ludhidna bank weie earthed up above flood level and 
revetted with stone, so that they wore q^uite useless as waterway 

In August 1876, piers Nos 48 and 49 were destroyed , and as the 
fallen girdeis and piers and the stone protection, which had been thrown 
in from time to tune, rendered it quite impossible to smk new piers 
between Nos 47 and 50, the repairs were executed by filling up the 
deep channel with stone and block kankar, and sinking a boat caisson 
filled with atone on the exact site of the old well piers On this founda- 
tion were erected two “ cluster column ” pieis, composed of four cast- 
iron cylinders fixed to a large wrought-iron bed plate , and the three 
girders required to replace those that were lost were removed from the 
east end of the bridge and erected on the cluster column piers In 
place of the three girders so removed, the railway embankment was 
extended to pier No 56, which has thus become the end of the bndge 
From this to pier No 60 the spans are blocked up, as stated m the last 
patagiaph Leaving these spans out of account, the cleai waterway of 
the bndge as now existing is 4,830 feet, and the width between abutments 
5,618 feet, or upwards of a mile 

Since the construction of the railway, we have some correct data upon 
which to estimate the probable flood discharge of the river 

Careful observations have been made for some years m order to ascer- 
tain the flood of the Sutlej, where it issues from the hills at Rhpar, 
abont 45 miles above Phdlonr Major Home, R E , Officiating Chief 
Engmeei, Irrigation Department, Punjab, states the result of these 
observations and actual measured discharges is, that the maximum flood 
over tho weir to be built for the Sirhmd Canal has been taken at 225,000 
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cubic feet per second, which amount is known to be laigely in evoess of 
any flood that has evei yet occurred of which there is any record 

Totally distinct observations by Mr Palmer, Siipeiintending Engincei, 
Bilri DoAb Circle, show that at Feiozepore, SO miles below the junction 
of the Beas an ertraoidinmy flood of the Sutlej is 270,000 cubic feet 
per second , but admitting the very impiobablo contingency of the Boas 
and Sutlej being both m maximum flood at the same moment when 
passing Feiozepoie, the dischaige might amount to 350,000 cubic feet 
per second 

Going still further down the stieam, wo find that at Adamwahan, 200 
pules below Ferozepore, the maximum calculated discharge of the Sutlej 
IS 370,000 cubic feet per second, and the cleai waterway given for the 
Indus Valley Eailway bridge is 4,200 lineal feet, ot GOO feet less than 
the Phillour budge, which is 280 miles higher up, and upwards of 50 
miles above the junction of the Beas 

From these facts then it is apparent that the maximum discharge of 
the River Sutlej at Phillour may safely bo taken at 250,000 cubic feet 
per second , and there can be little doubt that the waterway given to the 
bridge is largely in excess of any possible requirement, even takmg into 
consideration that extra scour may occur harmlessly at Adamwahan, as the 
pier wells aio sunk to 100 feet in depth instead of 40 as at Phillour 
The waterway allowed for the East Indian Railway bridge ovei the 
Soane is the same as that given to the Phillour bridge The piers are 
not protected, and the wells are less than 40 feet m depth The Soane 
bridge, which was bmlt 20 years ago, has constantly passed floods of 
400,000 to 500,000 cubic feet per second, and no damage has been done 
to it, although scouring has, no doubt, in a great measure, been pre- 
vented by the Ganges floods backing up above the bndge But in 
July 1876 it passed 550,000 cubic feet per second when it was not thus 
protected, and no undue scouring took place, as the flood came in a 
direct course on to the bridge, and was spiead over the whole width of 
the mile of waterway allowed for it 

In the case of the Philloui bridge, large sand banks have been formed, 
which block the waterway These silt deposits were undoubtedly, in 
my opinion, primarily induced by the oblique set of the stream some dis- 
tance above the bndge, and they have been greatly aggravated by the 
excessive lyaterway allowed m it Until last year no direct measures 
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had been taken to lomovo these banka by cutting a channel tlnough, or 
dueoting the set of the iivei on, them , and the consequence was, that 
when the flood came the mam foice of the stream was confined to a 
channel of only about 900 oi 1,000 feet in width, which did not approach 
direct on to the bridge, but, impinging bidcways, caused a latoial scour, 
which i7aB fnithei aided by the stone piotection thrown in, connecting 
the space between some of the pieis, and not othois This mass of 
stone consequently acted as a suhnc|Ueoiis spui tending to push the 
cunentoierto tho nnpiotected spans It is thcieforo not sin prising to 
find that foi a distance of about 300 feet the bed has twice been scorned 
out to a depth of 60 feet, and that on each occasion two piers of the 
budge have been earned away 

In making tho above compaiison, the cnidinal points of diffeience 
between the two budges must be homo in mind 

Tho Soane bridge 19 on a practically stiaight roach of the iivei, and 
tho wateiwav gnen to tho oiidge is conUacUd The flood of 1&76 was 
748,000 cubic feet poi second, which only about two-thnds passed 
thiough the budge, the leranndoi spilling ovei the banks and being 
carried oil thiough uilvoiU and flood openings in the railway between 
Arrah and Dmapoio The effect of tho eontiaction, and of the stiaight- 
aoss of approach of tho iivei, is that no excessive sand deposits occur 
immediately above the budge, and no tiaiiiing woiks aio necessary 

Tlie Phillonr budgois iiotou a stiaight icaoh of the iivor, and the 
waterway is excessive Tho consequence is that immense sand banks 
aio foimed, and heavy tiaming woiks are roqiuied 

With rofeience to the latter point, I would invite most careful atten- 
tion to the accompanying map showing the changes in tho iiver from 
1848 to 1868 It will be observed that at Kaiiauali the high cliff juts 
out like a spui, and throws the sticam over to the left, inducing most 
Bonons cutting near tho village of Jamalpur, extensive caiing of the 
bank takes place below, and aftci a considerable bend the iivor is again 
thrown off to the right m an oblique direction to the bridge In page 338 
I mentioned that efforts had beeu made to ‘ tiam” the nvoi, allowing 
the word Intheito used m papois legaiding the badge, to stand , but 
I behove that all tho measures that have been taken have been confined 
to a distance of about a mile fiom the budge, and ought to be looked 
upon as piotechiKj and not '‘training" woiks, and in this sense they 
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have hoeti entirely Biiccessfnl To tiain the mei propcily, 1 considei it 
Bhoiild be attacked, as at Naioia, with spuis and a longitudinal embank- 
ment at least tbiee oi four miles higher up, at the point where the 
JIniinuah promontoiy thiows it over to the left, and that once having 
got it into a diioct appioach, it will not be suflicient to lest satisiied 
with a feeling of thankfulness that the rivei has passed safely through 
the budge, and thcio is nothing moie to do It is absolutely nooossaiy 
that the ooiiiso of the deep channel should also be caiefully watched foi 
a distance of at least two miles bdoiv the budge 
The ohjootion has been mule to tliiownig out propoi spuis oi gioynes, 
that if these tiaining works aio once commenced, there is no knowing 
how high up the iiver they may have to be extended This ohjoctiou 
does not, I think, hold good The cause of the oblicpic sot ot the liver 
IS the piojeoting bluff at Kaiifiuali, and Ihoio is uo occasion to go higher 
up than this point, especially is the river is hoio confined between banks 
It is also stated that it will bo useless tiyiiig spins on the Siitlc), as 
they have failed on the Indus I am not awaio of the ciioumstaiices 
undei which the alleged failure of the spins occiuiod , but in sooics of 
other instanoes these woiks have complotoly answoiod in diverting the 
course of moio dilBcult stioams to deal with than the Sutlej The Patii, 
EAnipui, Eatmu and SolAni toiienti., on the Gauges Canal, woi e thus 
diverted , and on the Bdii Do ib Canal the Chakki iivor (where a proj eoting 
hill, higher than the cliff at Kaudnah, was out through) was tuinod en- 
tirely fiom its original coiuse into the Eavi, and compelled to adopt a new 
channel into the Beas I might ennraorate many other instances, but it 
will be sufficient to point to the most lecent and complete success of this 
system of training woik, as exemplified at Narora, whero for a distance 
of four miles above the head of the Lowei Ganges Canal, and foi thico 
miles below, the llivei Ganges Ins, m the conise of tliice oi foiii ycnis, 
been altered fropi its oblique set into a diieet approach to, and departure 
fiom, the wen 

As the above riveis have been successfully combated, I see no leason 
’ why the Sutlej should not, in the shoit distance between Kainlnali and 
Phillonr, be prevented from foiming the dangcious bond at Jamalpui by 
the proper applu iitioii of a few spins and bunds, aided possibly by one 
01 two cuts wliieh oan easily bo made bv the steam dredger now at 
site 
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In the absence of recent Burveys, it is impossible to speak with cer- 
tainty , hut theie is little doubt that sooner or later soma measures must 
bo adopted — unless the Sutlej is again pursued across the valley by an 
extension of the bridge, or tho construotion of a new one — m order to 
prevent the river getting behind the present protective works, and attack- 
ing tho railway between Ludhidna and the present left abutment of the 
hndge It is better to adopt measures that will at once strike at the 
root of the evil than to wait until the stieam has taken a confiimed set 
towards Ludhiana, when the cost of diversion will inevitably be greater 
and the chances of success moie pioblematical than now 
I need only allude to the vital necessity of keeping a direct and equ- 
able section for the mam stieam of the liver in the vicinity of the bndge 
(both up-stroam and down-stieam), as the importance of this is now fully 
recognized No amount of watciway will ensme the safety of a bridge 
like the one at Philloui if tho whole foice of a flood is concentrated m 
a narrow deep channel From tho measuies lately adopted, and from the 
future use of tho steam dredger, I anticipate that no immediate danger 
on this sooio need be apprehended , but these measures, to be effeotunlly 
useful, must bo persistent, and it will not suffice to clear a channel only 
in tho cold weather and let it run its chance dmuig the ramy season If 
a high flood foitunately comes down at the commencement of the rams, 
the probabilities are, that little more will be requiied to maintain a 
proper channel , but if, as more frequently occurs, smallei floods first 
arrive, then the mam current of the river will require to be carefully 
watched, and much trouble and labour will be entailed in preserving the 
desired equability of the stream 

When, however, the rough stone protection is completed between all 
tho piers, the river will possibly not require that extreme watchfulness 
which it now demands 

Advertmg to the question of the waterway of the I would 

refer to my note of December 1870, on the watoiway to be given to the 
Oudh and Robilkband Railway bndge at Oawnpore, as the conditions of 
tho Ganges there and of the Sutlej at Phillour are m three mam points 
Bunilar — 

(a) The discharge of tho highest recorded flood at Oawnpore was 
230,000 oubio feet per second, or nearly that of the assumed 
(ultra ?) maximum of tho Sutlej at Phillour 
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(b) The flood velocities are nenily the same, as, although the slope 

of the Ganges is less thin that of the Sutlej, the rise of the 
rucr m one case is 14 feet, and m the othei only 8 50 

(c) The Gmges, like the Sutlej, has a tendency to bcai away from 

its hard unyielding right bank, and to eat into the soft allu 
vijjil deposit on the left 

In the abbenoe of any accurate measiiiementa at jPhillour, wo may 
theicfocc considci the actual facts obtained at Cawnpoie, and loughly nso 
them as nii\ihaiy guides in deteimiiung the propei wateiway for the 
Sutlej budge 

The above flood, which occurred in Septemboi 1870, was measured when 
at its height Suifaeo velocities weie carLfully taken at every 100 feet, 
and the depths aooinately plumbed Of the full dischaige of 230,000 
ruble feet per second, 4,000 cubic feet weio diverted by spill, and the re- 
maining 22b, OOO cubio feet passed between banks 2,200 leet apart, tba 
1 unning current being confined to a width of 1,900 feet only, the extra 300 
being black oi back water In this 1,900 feet the avenge depth of the 
stieam was 18 80 feet, but foi a width of 600 feet the actual depth was 
40 leet below flood level The surface velocities vaiied from a maximum 
of 10 feet pel second (in a width of 200 feet only) to a minimum of 1 2e 
From these data it was shown that the volume of theiiverwas chachargod 
thiough an aiea of 35,727 snpeificial feet, with a mean velocity of fa 33 
feet per second 

Aftei caretul consideration of the whole of the circumstances, 1 re- 
ported that, in tny opinion, the site chosen for the Cawnpote bridge was 
one where it was less hazardous (on account of the meandering tendency 
of the stieam) to give a contracted than m enlarged wateiway I stated 
that a deal waterway of 2,123 feet, with an aveiage depth of about 19 
feet, would be sufficient to cany off the dischaige of the iivei , that 
seounng would, however, extend to at least 40 feet, and possibly more on 
account of the obstruction of the piers, and therefore gieat care would 
have to be taken in founding them to a sufficient depth I further add- 
ed that the width and depth of scour would, of conise, depend m a great 
measure on the set of the nver , but it the stream was properly directed, 
there was no valid reason why an equable section should not bo maintain- 
ed at the lailway bndgo, and the scouring reduced to a imnmmm My 
final recommendation was, that the nvor for a distance of six miles above 
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(whore it 'was confined between banks which were not oveitopped in 
floods), and two miles below the budge, should be caiefnlly piotected on 
Its left bank, so as to pi event tbe foimation of any caving bends 

The budge as comiileted consists, I believe, of 2, GOO oi 2,700 lineal 
feet of waloiway (of winch 300 feet aie available in land spans, utilized 
in extiaordinaiy floods only), and the wells aie sunk to a,dcpth of 70 or 
80 feet, except whoie they meet with a haid kankar stratum, winch ex- 
tends for GOO feet from the light bank at a depth of 40 feet 

In the case of the butlcj budge, the wells, with the exceptions men- 
tioned in page 345, are one half the depth ot those at Oawnpoie, being 
only 40 feet below lowest water level, which is 8 50 below the highest 
flood line To ensmo the safety of the budge, the scoui ought not to bo 
allowcel to extend to a grcatei depth than 18 feet below the flood hue, 
and this can bo accomplibhed if the bed is entiub/md effectually protect- 
ed with longb stone aud block kankir up to the limit shown by the 
shaded ink line in the accompanying sketch In the deepest pait of the 
channel the wells will be 30 feet below the hue of scour 

As on the Ganges, so hero iii the Sutlej, it is advisable to contiaot, 
mihin sn/e limits, the wateiway to be allowed Tbe section as pioposed 
wilt pass all orilinaiy floods up to 185,000 cubic feet pei second, with a 
me ui velocity of 5 feet a second, and floods ot 205,000 cubic feet with a 
velocity of 6 5 feet The entuo area allowed of 41,400 supeifioial feet 
18 capable of discharging 2 13,400 eubio feet per second, oi a maximum 
flood, with ft velocity of six feet only But in tins latter case it is possi- 
ble theie may be a slight afflux, not exceeding seven inches, on the pieis 
This, however, is not a matter of much moment, as it is a ciy doubtful if 
the Sutlej ever reaches this maximum , if it does, the velocity with the 
afflux will be only six feet, and as the bed will have a stiong stone 
protection, theio need bo no feai on tins account, even allowing that 
the velocity m some paits may be nine feet, ns it veiy likely may be 
even in ordinary floods This afflux, if it evei exists, will, at a dis- 
tance of throe miles from the bridge, bo thiee inobes, and the back 
water will have completely died out within six miles, or before it reaches 
Karfflnah 

The section allows of a width of 4,420 feet between abutments, with a 
clear lineal waterway of 3,932 feet, or 168 feet more than was given in 
the original bndge For a width of 600 feet in the cantie, the depth of 
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water IS 18 feet, fiom winch it is gradually decreasod on a slope of 1 2 
in 100 to eitliei side This depth has been fixed not solely with rcgaid 
to the scMU m high floods, but ilso with refuoiice to the piactiLabihty 
of getting tlio stone and kiinlviu piotoction down to this dosned depth 
It will be obseivcd that tins is the depth of tho bod of the cold wtiitlier 
channel of tho inti, by Iheicfoie tuuiiiig this chiniitl in tin dtsiied 
diicction, and lonfiiiing the stieain to one oi two spans, the nvci can 
with safety be made to acoin out the bed to any uetcsbaiy depth, niid 
this oxtia sconi might then bo lilkd up with blockb ot stone, «Lc (weigh- 
ing not less than 80 pounds) to 18 feet below flood line in the leutie 
'ibis stone protection would not, of course, be confiutd merdj to the line 
of tho budge, but would be extended as an apion for some distanoo both 
up and down-stream 

Clue object attained Ly tho section is, that tho shallow wells in picis 
Nos 1, 3, 8, 9 22, which extend only to 30 and 32 feet below low watoi 
level, will be effectually piotccted Many niodihcntions of tho section 
may, of course, be made, foi nistanci, the dotlid ink line would give a 
snpoificnl aicnof 10,000 Bcpiaic feel more, oi, if the present hue of 
stone filling up to piei No 15 be taken, and again fioin No 39 to No 
17, with the intei mediate poition as shown, the superhcial aiea might be 
ueaily doubled, but if this is done, it must be lecollccted that the water- 
way will again bo blocked up by the large sand hanks winch will inevi- 
tably form, and which haio contributed in no slight dtgiee to the disas- 
ters which have occuiicd to this budge 

The shaded ink line shows what is probably the best section to which 
the liver might oi cntually be brought "With the amount of supeifictal 
waterway given, and the contraction of tlie lineal waterway from 4,830 
feet, as at present, to 3,932 feet, the foimationof sand banks will be laigely 
pi evented with tho least fear of an accelciated velocity and excessive 
Bcoiu as now takes place When the river has been brought to this section, 
the seven spans on tho light bank might be removed entirely, and No 7 
piei made the right abutment of tho budge On the loft bank the nine 
spans from pioi No 47 to the Ludhidiia abutment might be removed 
at once Si\ of these spans have nev er been used (tide page 338), and 
the remaining three spans over the cluster columns aie meiely capable 
of discharging 900 cubic feat per second, — a totally lusignihcant amount 
in a maximum flood when only fliey would be discharging 
345 



12 MOTKB ON FLOODS OP 8DTLBJ 

The waterway now existing between thePhilloin abutment and piei No 
47 18 amply Bufficicnt, if the largo sand bank which has been allowed to 
accumulate between piers Nos 10 and 40 is cleaied away, as I under- 
stand it 18 to be this yeai I would, however, most emphatically diaw 
attention, to the manner in whieh the atone and block kankar is thiown 
in for the protection of the piers, as shown by the dotted green lines on 
sketch Each pier is protected foi a distance of 10 feet, and for a 
height of 2 5 foot above loiv water level with stone filling (but m pieis 
Nos 14, 1C, 17, 18 and 20 it is earned up to Jlood level) Fiotn this 
the rough mass of stone slopes down on either side, joining in the mid- 
dle of some of the spans, and not in others Piom piei No 35 to pier 
No 42 the stone is thus connected, and the effect must be to throw the 
water off on either side and cause an extia scour in the spans, where the 
filling 18 not complete These spaces must, theiefore, also be connected, 
but in doing this I would guaid moat especially against cairying up the 
filling too high, and thus practically con. veiling this stone protection into 
a won It it 18 finished acioss the rivei at the same height as now, the 
waterway will be leduced to about 30,000 superficial feet, and there will 
be an afflux of about 2 5 feet at the bndge and deep scouring below The 
effect of this afflux will extend back about 10 miles, and at Karianah will 
raise the floods by six inches It would be bettei to reduce, as soon as 
piiictioable, the height of this stone, especially from pieia Nos 16 to 86, 
as nearly as possible, to the hmit shown in the pioposed section 

Native reports state that more water than formerly now comes down 
the Biidht nallah, which runs at the foot of the high land below Ludhi4na 
If this 18 the case, the cause of it ought to be asoeitained, as there may 
be dangerous cutting of the Sntlej some miles higher up, similar to that 
of the Beas near the Beyn jhils 

SmninariBing the conelnaions arrived at m this Note, I suggest— 

(i j That the river should be properly trained from Karidnah to the 
Phillour bndge, and that for two miles below the bridge the 
set of the stieam should also be watched (pages 340 — 841) 
(ii) That the formation of sand banka in the vioimty of the bridge 
should be pi evented 

(ill) 'Bint the bridge should be curtailed in length by the immediate 
removal of nine spans on the left bank, and ultimately of 
seven spans on the right bank, when the bod has been com- 
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pletoly piotectcd up to the shaded mk line oa section 
(page 345) 

(17) That extreme caution should be used m filling in the stono pro- 
tection, so as to ensure the water not being raised at the 
budge (page 340) 

(v) That the cause of the affirmed incioase of the Biidhi nallah 
should be ascertained, and laeasnies taken, if necessary, to 
prevent the Butloj cutting into it 


ZJfinioria by Qoh J G MnnuKT, RE, on Major Foibcs’ Note on the 
Sutl^ Railway Bridge at Phillowt 

Dated Lahore, llih January 1S79 

1 append a printed Note of my own on the same subject which was sent 
by me to the Agent, Bcindo, Punjab and Delhi Railway and to Goveinment 
on the 26th Match 1877, which Major Poibes had not pievioualy seen, 
and which will show that I am quite in accord with the conclusions to 
which he has come as to the Bupoifluons waterway of this budge 

We aie both in accord with the Chief Engineer, Scinde, Punjab and 
Delhi Railway (Mi Stone) m considering that nine spans may be safely 
and advantageously taken away from the Ludhiiinn end (in addition to 
the three which were removed two years ago), and I have niithoii/ed him 
to act accordingly, the girders being mgently loquued for the new budges 
in the Boyn and Beas Valleys 

With regard to the seven spans that may ultimately be removed from 
the Phillour end, no present action is required 

Major Forbes’ third recommendation is theiefore disposed of 
His second recommendation will also be acted upon, as fai as possible, 
by the help of the steam diedger, which will bo set to work as soon as 
the nvei begins to rise Besides this, howevei, I believe Mr Btono 
agrees in thinking that it is desiiable to cut one or more channels tlirough 
the sand bank (which may perhaps bo kept open by the dredger) , it 
would bo as well to out from below bridge upwards to prevent silting up 
The fourth recommendation I have brought to the Chief Engineer’s 
notice, and lequested that stone should not be piled up round the piers 
above the low water line, but that the stone protection may be put in down 
below by taking advantage of the soonnng action of the stieam. 

847 



14 KOlltS ON FLOODS OP RDXI/BJ 

My pievioTiB Note wUl show that I am quite in accoid with Major 
Forbes as to the necessity of a continuous flooiing light nciosa the iirer 
between the pieis, and but foi the late disasters in the Beaa Valley, nnd 
the very heavy woiL and ctpendituie now lendeied imparitivo, I should 
have recommended the systematic pioseciition of this woik duiiiig the 
piesont season ovei the most exposed poition of the budge Ihis, bow- 
cvei, roust foi the present be postponed, but I will ask the Chief Engineer 
to complete the pioteclion loimd all the pieis if possible 

I will also ask the Chief Engiueei foi an eaily leport on Major Forbes’ 
first and filth reeouimendations The work tin own on the Engineering 
Dopaitmcnt is just now so veiy heavy, that it will be impossible to under- 
take any fieah work, however advisable, which is not urgently necessary , 
but tlio daiigeis noted by Majoi Forbes should oeitainiy not be lost sight 
of It would seem desiiable, as soon as possible, to have a snivey made 
of the nvei banks up to Kaiianali m continuation of the suivey plan of 
1868 (is there no moie recent one?), so as to show how far the rivei has 
encroached on the left bank within the last 10 yeais 

Tho danger of the Karianah (natinal) spin is sufficiently obvious fiom 
an inspection of the plan , and but that this spin evidently protects so 
many villages below, the bridge and railway bank would evidently be 
much safer if this spur woie cut oi blasted away If this should not be 
done, however, then it would seem advisable to construct a counteracting 
spui 01 spuis from any convenient spot on the opposite bank , and seeing 
how successful such spurs have proved at the Beas and elsewhere, I deci- 
dedly recommended that the feasibility of such a work should be examined 
nnd leported on at an early date 

Since these Notes were wiitten, the waterway has been reduced by 
nine spans, to the manifest improvement of the umforanty of the flow 
during the heavy floods of tho present season 


Notes on the Sutlej Railway Budge, Phillour Bv Con J G Mbdlby, 
EE 

Sated Lahore, 28th Mareh, W1 

Having lately inspected tho vrork m progress at Phillour in company 
with tho Chief Engineer, Scindo, Punjab and Delhi Eailway, it may be 
useful if I note tho present state of the river and budge at this import- 
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ant cro'i'iiiij, and give my oi.)inion on the woiks now in progicss for pro- 
veiitmg fnilliei disastrous hiealvs 

JUnoi of increasing the oiigmal iiaterway oj the hiidgc — Seveial yeais 
ago, wlan it vns dLteiiiimod to add 20 spans to the oiigiiial design for 
this budge, I \cutuied the opinion that suth a proceeding was wiong, 
that if thopoipctually slilftingniiieiit of tin livel nas thus to he followed, 
them was no bu nut) that the whole vailej fioni Philloui to LudLuAna, 
five tniks wide, would not have to be budged, and (hat the light coiitse 
was to complete tlie enihaiiltnient accouliiig to the oiigiiial ckbign, and 
then to guide oi foice the iiver thioiigh the budge I might have 
added that it was miichbettci to fight the iivoi hifori, the lino was opuiod 
than aftu 

Faults in design and eonstniction of the budge — Ihrto faults appear 
to have been coiiiiintted in the design and coiistriictioii of this budge — 
1st, liy the small spans used the points of daiigei halt been nuiltiplnd, 
and the iivei has been ntedlosbly ohstuictul, litaiy silting nhoia Iniclge 
being thereby oiicomaged, if not taiised , 2nd, the pier cylinders have 
not been sunk Bullficiently deep to be safe fioni scoui , iid, too laigo a 
wotoiway has been given to the budge, so that there is no piopei sooni 
through the openings by which the aceuinulated silt b niks would be 
swept away, and the coniso of the rivei above and below bridge to a 
certai ' extent would have bein kept stiaight 

Banger of thepuserit state of the hndgt — At piesenttho danger of the 
situation 18 this — Thogieatei nnmbei of the budge openings me choked 
up by silt deposits, and the whole dry season channel piactioally flows 
tluongh 10 or 12 out of the 55 opeimigs When the rivei comes down 
in flood, the wafei must pass, and will esidently pass, by the Imo of least 
lesistance, that is, it will foice a load for itself, either hv cutting aw ly 
the silt deposits nndei the blocked up openings later allt/, or by scmning 
out the bed verttcalhj, as it has more than once iinfortuu.itely dune to a 
measured depth of 50 or GO foot, z e, below the bottoms of tho piei 
foundations 

Ft ovision of a continuous flooring i ecommended — As then there would 
appear to be no practicable mode of now sinking these fouudations to a 
furtliei depth so as to be safe from scour, and as even if this could be 
clone there would still be iisk of failure from want of lateral stability m 
such long, slender, isolated columns, it only romama to secure the bod in 
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such a mannei that tho flood watei may And it harder to tear this nptlian 
it will be to cut away lateially the heaped up sand banks In other 
woids, I do not think tho biiJ^e will be safe until theio is a continuous 
stone floonng light actoss the whole led between thepiets, which will have 
to be renewed steadily until it has viitually become permanent This is, 
of course, tho well known plan by which Madias Engmeeis have always 
seonred the shallow foundations of their bridges, as opposed to the Bengal 
plan of deep foundations and no flooring The difficulty in the present 
case arises fiom the absence of good stone in the neighbouihood, and the 
cost and time reqimed foi procuring it 
Kinds of storm used — What is now being used is eithoi (1) block kan- 
kai dug in vaiious places, and averaging Es 12 pei 100 on me feet on the 
work, (2), bouldcis brought down the river by boat, costing Rs 10 pet 
100 , (3), stone from Rdpar brought in trucks by the bianch hue from 
Doraha, coating Rs 15 pel 100 

Of the above the block kankar appears of good quality and fair size 
generally, bnt theie is no doubt that without ngtd supervision a very 
woithless material might easily be furnished by the Contractors, which 
would simply be useless for the puipose required 
The boiildeis are neaily all small, and can only be propeily utihzed by 
putting them into mates and nets, as is now being dona If thrown m 
loose, they will simply be earned away 
The stone from Eiipar is of good quality, bnt only a small quantity is 
piocurable without interfeiing unduly with the Canal works, It should 
be quairied m the largest possible blocks and reserved ioi protecting the 
most exposed and dangeions places 

Flooring is to a certain extent being formed — By a section very care- 
fully taken quite lately on the spot, it would appear that the atone thrown 
round the piers dunng the various years has gradually spread so as to 
meet, thus forming a flooring under the several spans As yet, howevei, 
this flooring is, of course, slight, and neither m width nor depth suffi- 
cient to resist the soommg action of the stieam when in flood And it 
appears to me that the provision of a suffiment flooring, such as has bean 
desenbed above, should now be systematically undei taken until the whole 
IS made safe 

Present state of the bridge — At present the state of the ease is this— 
Out of the 53 spans of which the budge consists, 40 of them (counting 
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m the Phillour bank) are now (March) dry, and silted up to vanous 
3tha below the gudei The riror is now lunniiig through the next 10 
ins, the remaining Ufo being diy Of the 10 spans tliroiigh wliicli the 
lei IS now flowing, the foui nearest the Ludhiana end have no great 
ength of ouiiont thiough them, a consideiablo silting up having taken 
•ce hy means of the stone bonds and tioe spnis which have bteu con- 
ucted since Ootobei last, in order to chock tho action of the uvoc to- 
ids this bank, and to thiow the watei more towards the middle of the 
dge 

The effect that has been thus pioduced appears to mo very piomising, 
J tends to show that, had tho budge been made with tho Kstiicted 
teiway originally intended, it would have been quite feasible to have 
ided tho river thiongh it, as has boon done in othei cases The chan- 
appeais to be widening itself gradually by cutting away the sand banks, 
1 if this action continues foi tho next two months, theie is good hope 
it the main channel may bL flowing through a sullmient number of spans 
pievent any seveie scom at one oi two of Ibein 
PiotbUion oj the pie) s — The pieis of the budge aio now being pro- 
ited by the Chief Engineer by means of a double row of wooden orates 
ed with Btouos, placed at a distance of “10 feet futm the pier all round, 
d at as low a level ns thiy can bo plated, the intenal between the 
lies and piers being filled with ttungaks oi nets of atone, and this 
ithod, in the absence of laige stone blocks, appears to me the best way, 
nigh there is some feai lest^ when scour takes place and the cintes fall 
wn, they may break up under tho weight of stone and force of the cur- 
it The Chief Bngiiieei pioposes to protect all the pieis in this man- 
r, woiking at first, of course, on those more unraediately liable to be 
ached, and be hopes, befoie the woikmg season is ovei, to have nearly 
thus protected 

Detailed state of the hridge — Of the spans nearest the Ludhidna end, 
1 thiee neaiest the abutment, t «, up to pier No 5b, weio filled up, 
en the girders were lemovod to leplace those that weie lost dnrmg the 
sd of August last 

From piers Nos 66 to 50 the spans were, I understand, filled up three 
foiii years ago to a certain height, the filling being piotocted by stone 
ching, which filling or flooring duungtlic, floods ot last yeai viitually 
;ed as a spur, the current running paiallel to it, and so acting with 
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increased violence against tho next spans which weie not thus floored, and 
so scouring out two piers The object of partially filling up the eight 
spans nearest the LudhiAna end was evidently to lesist the set of the liver 
Upon this end of the bridge, and seems to show bow soon it had been seen 
that the piovision of increase of waterway at this end was a mistake 

These piers (66 to 50) aieat piesont being protected in the above 
manner, and will all be completed before flood And the action of the 
atone bunds and tree spurs, as above evplained, has been so fai satisfac- 
tory, that there is no present danger of this portion of the bndge being 
attacked 

The next two piers, Nos 49 and 48, weie the two that were lost last 
year, and which have been replaced in the ihannex explained m Chief 
Engineer’s No 419, copy of which is attached, and which was approved 
by my predecessor. Colonel Pollaid It consists, ns will be seen by look- 
ing at the plans sentup, m leplacing the buck cylmdei pieis by a cluster 
pier of four cast-iron columns filled with conciete, resting on a platform 
which IS virtually carried on apieuepeidue foundation Its permanent 
safety, supposing it to be again attacked by the river, will, I think, depend 
on the efficiency of the flooring piovidod between the piers to protect it 
fiom scour, and on the ability of the slopes np and down-stieam to resist 
the action of the watei, and, if it succeeds, will show, I think, that with 
an efficient flooimg the pieis of the budge would he safe, even if sunk to 
a less depth than they now are To ensure this the flooiiiig should be 
laid with good sized blocks, the largest being leseived for the upper sur^ 
face and for the piotection of the up-stream elope At present this 
portion ot the bndge le a good deal protected from severe action by the 
tree spurs above-mentioned 

Tho next portion of the bridge between pierS Nos 47 and 42 is that 
which, according to present appeal ances, will be most seveiely tued this 
year, not only because the mam stieam is now running here, but because 
the adjacent stone flooring of the mended spans will have a tendency to 
act as the blocked np spans did last season To guaid against tins, the 
holes lonnd the piers have been filled np with stone to bed level, and on 
this the protective work of crates and nets has been placed as above des- 
cribed, while the flooring of the partially blocked np spans has been 
dished from the east end downwards towaids the centre, so as to admit 
a certain flow of water ovci it 
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To fill up the spans themselves to floor level with stone in such a depth 
of water as is now running, and with the present means available, would 
be almost impossible, while, oven if earned out, it would not be efficient 
unless the flooring was at once continued light across the iivei, because the 
new flooring would only deepen the action of the watei on the next spans 
The remainder of the budge fiom piei No 42 to 1 is at present diy , 
the pieis are being giadually protected, as above desciibed, in addition 
to the quantities of stone (from 10,000 to 40,000 cubic feet) whicji have 
been tliiown lound them at various times There is no flooiing between 
these pieis except (as already explained) what has been partially formed 
by the meeting of the masses of stone thrown round the piers, but which 
in my opinion should be supplemented by masses of stone systematically 
laid up to within say 3 feet below tan bed level, and for a width not 
less than the length of the pier (12 feet 6 inohes), with a good slope both 
up and down-stieam 
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The thickness of such a flooimg must, of couise, he determined by the 
river itself, i e , renewals of stoue most he made until alj sopuring ac- 
tion ceases 

Fw ther restnetton of the waterway — When the floorings are complet- 
ed, it will, I think, be found perfectly expedient to take away more of the 
spans from the LudhiAna end, closmg the hank, and contracting the 
waterway, so as to secuie a proper and equable scour through the whole 
length of bridge, or constiucting a hank of stone m an oblique direction 
from the east abutment up the left bank, as has bee^ done in the case of 
the Ohenab Nothing would tend so much to keep the uver stiaight ip 
its course above So long as it has so large a width to wander over, it 
IS impossible to say at what point ip the valley (between PbiHoui and 
Ludhid,na) it may not try to fproe its wey through the line of railway 
It may peihaps be asked whether the cost that will have tq be meur- 
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red in putting in the enormous quantities of stone that will be required 
for this fiooiiiig will not be almost as gieat as would suffice to build new 
pieis sunk to a propci depth, and it is quite possible it may be the esse 
TJie cost of the flooiing, however, will be spiead orei several yeais, and, 
if gradually and systematically done, there should be no waste of money, 
though, until it IS donp, the budge will always be a souice of anxiety 

Olyect of this Note — The object of the present Note is— Isf, to show 
how nvitters at piesent stand, and what m my opinion nie the causes of 
dangei , ‘2nd, to systematize as mncli as possible what is being done to 
guard against that dangei Foi this latter purpose I would urge that 
special attention should be directed to getting the largest possible blocks 
of stone, and that as soon as the well piers are all pioteoted m the man- 
ner proposed by the Chief Engineer, the stone flooiing between the pieis 
should be systematically laid down It is evident that this should not be 
done span by span , otherwise, as already pointed out, these floorings 
would act as spurs to deepen the action against the spans adjoining them 
It appears to me that the flooring should be earned on as far as possible 
simultaneonsfy, at any late ovei the portions of the budge immediately 
attacked, only largo blocks of stone or (in then absence) very strong 
crates being used (so that whatevei is put down may not be swept away), 
01 by taking advantage of each portion of the liver as it happens to be 
laid dry in successive cold seasons, (if necessary silting it up by artificial 
means,) putting down a flooring of consideiable thickness, which, of 
course, must be lenewed as it sinks 

Foitunately, the Phillour end of the budge may, I think, be consider- 
ed naturally secure, and the Ludhiana end will, I hope, in time, by woik- 
ing on a system, be artificially made secure also My fear is, that unless 
systematio means be adopted, muoh of the heavy expenditure incurred 
will be thrown away by pitching in stone which may be swept away, and 
in places where it can do no good 

I may add, that the Chief Engineer, Mr 0 Stone, to whom I have 
read this Note, concurs generally m its ideas and recommendations, 
winch IS all the more impoitant, that I fear the Company will shoitly 
lose the benefit of his experience and services for a time owing to the 
state of his health, and I am anxious that what we both concur m should 
bo acknowledged and acted upon by his successor and subordinates 

Dredger —T'S .t Stone also strongly recommends the employment of a 
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steam dredger to cut channels through the silt banka in the cold weather, 
and assist m legulating the eqnalile flow of the water through the budge, 
and 1 am inthned to think that the employment of such a means would 
be a veiy Yaknble aimliaiy, notwithstanding the danger which I cannot 
help fearing of the eatly fieshets silting up the dicdged out channels 
This will, however, be separately discussed when the estimate is sent up 
Copies of Chiet Engineer’s letteis desoiibing in detail the means em- 
ployed foi closing the late break and those now being carried out for 
protecting the piers aie appended to this Note My piedecessor has, I 
believe, aheady recorded his opinion of the ingenuity, ability and untiring 
energy with which the woik of restoration was earned on by Mr Stone 
and his suboidmates 

EB-ooNSTnuoTioN Wouks in tub East Bbyn and E st Bbas Valieys, 
SoiNDB, Punjab and Delhi Eailway * 


Dated 8th Octoboi 1878 
From— Chables Stone, Esq , Chief Engineer 
To — Aoent, S P and D Railway Company 

“ Flood Damages ^th and 20th August 1878 " 

“Seas Valley " — The senous destruction to the Company’s bridges 
and woiks m the Beas Valley, again necessitates the re-opening the 
question of rnoie flood openings in the valley Eesults anticipated by 
me since the lutidflnetion of the causeway system in the Giand Tiunk 
Eoad above the hue of Eailway, and commented upon flood season after 
flood season m reports and letteis up to the present yeai inclusive Be- 
foie pntenng upon the question of amount of wateiway to be given in 
lieu of the destroyed budges, I venlnie to lay before you extiacts from 
sucli lepoits and letteis (Appendix A) not Irom any intention of further 
discussion, but m support of my views, that the time would come by the 
■extension of the causeway system (and thereby drawing the river in 
flood towards them), when it would become necessary to maduct the 
whole valley And also to show that in not pioviding sufficient water- 
way uiidei tibe line of Eailway to meet the increase m the Grand Trunk 

* A(X« -Plato to ArUclo Ho COOV Is a geiwiral plan ot this Vallsy, 
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Eoad was from the uncertainty of what the Department Public Woiks 
intended doing, fiist accepting my pioposala to raise the causeways, 
and last yaai withdrawing that acceptance, when it was too late for me 
to do raoie than build a new bridge of two spans of 50 feet at the Ohatar 
Singh Nallali (which has foitunately stood), doubling the waterway of 
the Eamfdi, and stiengthemng the Hamfia, the two lattei were en- 
tii ely destroyed in the last floods 

Oiiginally the Company’s Engineeis had to deal with the Westein 
Bey 11 riyer and defined nallalis, cai tying a model ate amount of spill 
in high flood of the River Beas 

That period has now passed, and by the encroachment of the river so 
much fuithei eastwards, we have now to accept the conditions anticipated 
by me, and to deal with the wateiways m the Beas Valley to meet what 
I teim a branch of the Beas iiver m high flood 

To show the laige incieaso of waterway made by the Engineers of 
Department Public Works in the shape of causeways, since the con- 
struction of the Railway, and to endeavour to ainve as fai as possible 
at the amount of waterway required, I would invite attention to the 
accompanying sections of the wateiways at the Grand Trunk Road m 
1871 and 1878 

The origmal openings of 1866 are shown in black, copied fiom records 
in my office The 1878 sections are shown in red, and were taken last 
cold season with the very object of laying before you the enormous dif- 
ference or increase of water passage that we had to contend against 
The 1871 area aggregates 6,818 54 superficial feet, the 1878, 26,650 49 
superficial feet up to flood lino of this season , but it will be seen that 
this IB not the limit, there is nothing to pievent its using much higher 

Appendix 0 —Is a statement showing the original amount of water- 
way built for the Railway, vtz , 8,663 superficial feet, and the increases 
from time to time up to the serious destruction which ooonned on the 
19 th and 20th of August last 

Appendix D — Is a statement showing the amount of waterway, 
VIS, 17,992 superficial feet requued to assimilate with the aiea of the 
present or existing state of affaiis on the Grand Trunk Road 

In Appendix D— »It will be observed the desoiiption of girders are 
given to 001 respond with the girders of the budges destroyed, hopmg 
that some at any rate of these may be recovered The temporary di- 
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versions having been completed, my siaif are now engaged taking sound- 
ings and notes, with the view to asceitain, if it is possible, or worth the 
expense to endeavour to raise them , and on the success oi failure of the 
attempt, Appendix E will show the number of gliders leq^nired of the 
same length as those of which the bridges weie constructed , assuming 
as shown undei “ Remarks ” that the Goveinment adopt my proposal, 
dated 13th September 1878, to dismantle or remove eight spans of the 
Sutlej Budge In anticipation of our requirements, I forwaided to the 
Chairman, Board of Diiectors, outline drawings of the desciiption of 
girders that might be requited, under initial letteis to prevent mistake 
in transmission of orders by telegiaph These drawings are by this tune 
in the hands of the Diieotovs, or should be in a few days And in tny 
letter of instiuotions I requested that our Consulting Engineer m Eng- 
land should hold himself m leadiness to despatch (upon receipt of 
telegram) with as little delay as possible the gliders requiied 

An alteinative to having giideis as noted in Appendix E , would 
be to span the iivers and large nalhihs with the large gliders fiora the 
Sutlej, and what might be recoveied fiom destroyed bridges, and to 
supplement them by a standaid giidei, say of 80 feet, to be used ns 
multiples to viaduct both the Beas and East Beyn Valleys, (a diaw- 
ing for this giidei has also been piepaied for the guidance of the 
Boaid ; 

I would strongly advise this alternative, it would be cheaper, more 
expeditoiisly built, and in case of future accident, much more easy to 
recover, less loss if not recovered , and duplicates could be made in the 
Railway workshops, should inci eases at any time hereafter be necessary 
The East Beyn Valley — At pieaent the full detail of what is required 
here I have not had time to woik out, as it is a matter requiring some 
considerable attention, taking the enormous rainfall of 16 inches m 24 
hours in the distiict, added to the drainage aiea of the Hoshiarpur 
hills which comes down with a rush 

Approximately we can prepare for this, at any rate a mimmum num- 
bei of girdeis should be ordered 

The East Beyn Railway bridge destroyed was one centre span of 110 
feet, and two side spans of 82 feet gilders The pieis cairjing these are 
destroyed, the abutments are standing, and to all appeal anoe sound , and 
for this bridge (as new piers could not bo got m at their former position) 
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I intend (assuming the abutments are found all right upon a mmuta in- 
spection) to sink one centre pier, and span the liver with two spans m 
lieu of the three above refeiied to, and if the fallen giideis shimld be 
leoovered, those would be used in the Bias Valluy woiks And m addi- 
tion to the mam bridge to put m multiples of 30 feel giideis as a viaduct 
between it and the new 40 feet elected the past cold season, and similaily 
oastwaids towards the double 10 feet giidoi opening, also put m last cold 
season 

A large amount of bridging must be provided for, and theie is no 
reason wliy a minimum quantity of giiiler woilc should not be ordeied at 
once, upon its being decided what desciiption of giideis may be used, and 
subsequently decide upon the balance oi maxiriara 
The amount of woik to be cained out, it will be seen, is very extensive, 
and which must be finished befoio the 80th of June 1879 And unless 
I have immediate sanction foi the gliders and provisional sanction to col- 
lect mateual, such as making ciubs foi wells, buck making, &o, I cannot 
be lesponsible for the execution of the woik by the flood season of 1879 
And in addition to this immediate provisional sanction, I trust that a 
liberal amount of disci otionary power be given me (of oouise under the 
supeivision of the Govcinment Consulting Enginoei) to enable me to 
push on the work without a day’s delay I have alieady arianged as a 
temporaiy measure the le-disposition of my Engineering staff, so that by 
au equal division and distiibution of the woik, the present staff can carry 
it out, With a good nnmbei of Inspectoia 

Since wilting the foregoing, I find fiom copy of a letter received from 
Superintending Engineer, 2nd Ciicle, Punjab, to hii Executive Engineer, 
forwarded to me foi information That it is the intention of the Depart- 
ment Public Works to increase the wateiwayon the Giand Trunk Road 
by more causeways, evidently accepting the inevitable The informa- 
tion IS too brief to enable mo to include this pioposed exti a m my state- 
ment of girder requirements, but it shall follow as a supplement to the 
piesent list, as soon as I am in possession of sufficient data 

No 468211, dated 25th October 1878 
Fiom— TAe Govm nment of India, P W Department 
To — Major J G Foubeb, EE 

I am directed to request that you will at yoni earliest convenience pro- 
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ceed to the Beis and Sutlej Eivers, and, aftei caieful personal examina- 
tion of the lailway rivei ciossings, as well as the valleys, for some miles 
above them, place youiself m coramnnication with the Agent, Scmde, 
Punjab and Delhi Railway, Mi Stone, and the Oonsiilting Engmeei foi 
State Railways, with a view of submitting m conjunction with them, pio- 
posals for pieventing any fiiither bleaches of the railway from the over- 
flows of these rivers 

You should also leport what measures aie best, m your opinion, for 
attaining and seouiing a stiaight cunent, m a perpendicnlai direction, 
to the railway bridges at the Sntlej and Beas crossings It is proposed 
to 1 educe the size of these budges, but it is evidently not desirable to do 
so, if such leduotion necessitates the coiistrnction of new bndges at some 
other points m the valley 


N ote on the Waterway of the East Beyn Nadi Bv Majob J G Pobhes, 
RE 

Dated Lahare, 30th Novmlei 1818 

Discharge through h idge — Tho Railway budge over the East Beyn 
consisted of one oentie span of 110 feet and two side spans of 82 feet 
girdeia 

The actual superficial amount of waterway during the height of tho 
flood of 19th and 20th August 1878, just previous to the destruction of 
the bridge, was 7,646 square feet 

The afflux on the bridge was 8 feet, and with a velocity of approach of 
5 feet, the mean velocity through the budge would be 9 95 feet per second , 
and the discharge 76,078 cubic feet per second 

Discharge th ough flood openings — On the right bank theie are two 
flood openings, A and B, with waterways of 396 and 640 siipeifioial 
feet The afflux on A was 8 feet, and on B 2 feet With velocities of 
approach of 2 feet and 1 foot, the mean velocity through A would be 
8 90, and through B 7 14 feet pei second, and the discharge through A 
8,524 cubic feet, and thiough B 4,570 ciibio feet per second 

On the left bank theie is one flood opening 0, with a waterway of 240 
snpeificial feet The afflux was 2 feet, and with a velocity of approach 
of 2 feet, the mean velocity would be 7 19, and the discharge 1,726 cubic 
feet 

2 z 
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Total dtscliaige through bridge and flood openings — The total discharge 
of the nver -ffould theiefore be 85,898 cubic feet, as follows — 

Thiough bridge, •• 

b’ 

» C, 

Total, 

This calculation, it will be noticed, is based on the piobable supposition 
that the bridge and banks stood until the maximum flood was attained 
Dischaige through breaches — But the biidgo was destioyed, the flood 
openings damaged, and large bleaches made m the bank Working out 
the discharge through the breaks, after the desti notion of the budge, and 
when the maximum flood was still running down, it appears fiom the 
section that the supeificial waterway in the centie of the stream was 
8,200 feet The mean velocity thiough this portion may be taken at 4 
feet, and the consequent discharge at 32,800 cubic feet pei second 
On the right bank there is an additional amount of waterway F, aggie- 
gating 12,000 supeificial feet, with a probable velocity of 2 feet , and on 
the left bank a superficial area G of 15,600 feet, also with the same 
velocity, the dischaige through F and G therefore would be 24,000 
and 31,200 cubic feet The total discharge of the river then by this 
approximation wonld be 88,000 cubic feet pet second 
Discharge by Dickens’ formula — Dividing the catchment basin of 812 
square miles into three zones roughly parallel to the lulls, and applying 
Dickens’ formula, with the coefficients 825, 412 and 206 for the north 
or hill, the central and the southern zones, accoiding as the slope of the 
country decreases, we find the following dtsohaiges — 

For hill zone, . 44,400 cubic feet per second, 

„ central zone, „ 22 100 

„ sonthern zone, , 18,600* ” 

(Jmng a total discharge Of 86,100 „ „ 

Dischaige from rainfall — Eeferrmg now to the ram gauge registers, 
it appears that on the 18th August there was a fall of 12 inches at 
Jullundiir, and of 4 9 at Hoshi&rpur on the west of the catchment basin, 
and of 4 5 inches at Gaihshankar to the east of the basm This would 
give a total fall of 232,000 cubic feet per second Pierious to the 18th 
there had been little or no rain for some time , the usual amount of 86 

* JBqniTRleut to a ooonicient ot SSO for total area 
860 


76,078 cubic feet per second 
3,624 „ „ 

4 670 „ 

1,726 

86,898 „ „ 
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of the above amount, or 81,200 cubic feet pei second, may therefore be 
taken as the probable discharge of the nadi on the first day of the flood 
On the 19th August 4 5 inches fell at Jullnndur and 14 2 at Hoshiir- 
pm, but there was no ram in the eastern half of the catchment basin 
This would give an amount of 167,700 cubic feet per second to be dis- 
posed of As the giouud was wet with the pievious day’s lam, if we 
take 50 as the propoition discharged, the flood m the river on the second 
day would be 83,850 oubio feet pei second 
Disrharge by O'Gomell’s foimula — These calculations can again be 
checked by the aid of O’CciineU’s formula , but in order to use this we 
must know the modulus of dischaige of some analogous iivei The only 
one appioaohing to the same conditions ns the East Beyn is the Sohan 
nadi, which oiosses the Lahoie and Peshawai Eoad The value of M 
tor this stieam, as calculated by Colonel O’Connell, is 141 Its catch- 
ment basin IS 573 miles, and its slope is about 9 to 7 of that of the East 
Beyn, fiom which data the modulus of the lattei would be 109 Apply- 
ing this the dischaige would be 83,875 cubic feet pei second 

Probable dtscharge — Abstractiug the results of these appioximations 
to the tiue discharge, we have — 

Through bridge and flood openings, 86,898 cubic feet per second 


Through breaches, 88,000 

By Dickens’ formula, 8o,100 

By rainfall, 88,860 

By O’ConneU’s formula, 83,876 

Giving a mean discharge of, 86,346 


or 105 cubic feet per second per square mile of catchment basin, which is 
equivalent to a fall of 4 inches of rain over the entire diainage area of 
812 square miles, without allowing any loss by absorption, Ac 

WateriLay required — Accepting 85,000 cubic feet as the probable 
discharge of the Bast Beyn, in oidei to pass this amount with a mean 
velocity of 6 feet per second, a superficial wateiway of 14,167 square feet 
would be leqmred, oi 17 50 sqnaie feet pei square mile of catchment 
basin With a depth of water not exceeding 25 feet, or 5 feet less than 
the height of thelateflood, this would entail a lineal waterway of 567 feet 
Watenoay given — The actual amount of waterway given was 9 76 su- 
pei-fioial feet pei square mile of basm This, although amply sufficient in 
the case of ordinary streams running down a Do4b, is, as is proved, entirely 
inadequate for the great floods which occasionally come down rivers, like 
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the East Beyu, which aie at a distance of 25 miles only fiom the foot of 
the hills 

Wamways on tho Hast Ind^an Railway aveiage amount al- 

lowed for the waterways of the hill streams mossed by the East Indian 
Railway in the EAjmahal District is 43 40 squaie feet per squaie mile of 
catchment basin, but this is calculated on Cautley’s fo.mula, which gives 
a waterway of about one-thud in excess of the actual iequiremc.it, and 
besides this, these sti earns are crossed in, oi at the foot of, the hills , and 
the catchment basins aie small 

Waterways m the Gandal embankments ~ln the outlets m embank- 
menta in the lower part of the Saiun Disti.ct, which is about 50 miles 
from the hills, 10 superficial feet per square mile of dninage aiea was 
originally given, but this was found to be too small, and fiom 13 to 14 
superficial feet is now allowed 

tot, tk. .b«„ 17 50 

capacity of the Railway bridge ovei the East Beyn 
Note hy Col J G Mbdlev, R E _ ^ 

to the East Beyn River wh^rj VrTl f 
if tT !' *’ *“ O"™"""-!, » Z . 

manner that the wateiway piovided wot, i i ^ 

.toe,..., to .„„d„ ,k., Z 

ootoflet, Ike ,„.k kefoi, ne.1 SeoJ, ' *» 

ago) has hitherto proved sufiBcient, and Onloooi p ii j. ^ ^ 

breaks of 1875 does not even menti n 

ever, a heavy downpour of ram at 

nver, that the waterlwed ovei the bn I J T" T " 

determined to raise the bridge three ^ »^^;^--theiefoie 

subsidiary waterways This was aecor7 ’ ,1 ^ ^ 

ra=r£2:H::::: 
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pendent calculations) that the total dischaige to be provided foi is 85,000 
cubic feet pet second, reqniiing a piovibion of 17 50 sqnaie feet pei 
squaie mile of catchment basin, instead of 9 75 as previously given 

4 To piovide foi this, the Chief Engineer has alieady been authoiized 
to telegiaph to England for the gliders of 136 feet span whicli he re- 
quires to budge the space between the piesent abutments still standing 
in hen of the thiee spans which have been swept away , these will pro- 
vide 272 feet To these may be added two girders of 110 feet which 
the Chief Engineei pioposes to take fioin the east end of the Sutlej 
budge, and which Majoi Forbes and I both coiicui with him in thinking 
may be advantageously reduced m length by at least eight spans These 
will complete the budging of the mam channel of the uvei ns enlarged 
by the late flood, and will make a total piovision of 492 feet 

5 This amount, with a depth of 25 feet,* as assumed by Maj or Forbes, 
and a velocity of six feet pei second, will pass 73,800 cubic feet, leaving 
11,200 feet to be piovided for either in the mam channel, oi by flood 
openings on the light and left of the mam channel, of which 76 lineal 
feet are still standing 

6 I object to any further widening of the mam channel, because the ex- 
tra openings would ceitSinly get silted up, and because the lequisite 
waterway can be given so much more economically by flood gaps The 
only dangei of the lattei is, of course, that they may diaw the mam 
stream towards them , but as they will only act during very extraordinary 
floods, and after three-fourths of the full waterway is passed down the 
mam channel, I see no reason to be alarmed on this score 

7 These flood gaps will give a depth of 10 feet of water, and, assuming 
a velocity of five feet, would reqniie 224 lineal feet of opening, of which 
76 feet still exist, so that 148 feet remain to be added These might be 
given by five of the 30 feet gliders which Mi Stone pioposes I will 
speak of the siippoits for these flood openings presently 

8 I do not, however, feel confident, aftei fully considei mg the matter, 
that we shall even then be safe with a stream of this very dangerous ohar- 
actei , the floods in which aie pioduced by such exceptionally heavy falls of 
rain In his calculation from Dickens’ foimula, Major Foibes assumes the 
constant (825) to be true only for that portion of the oatohment basin in or 
close to the hills, andiedncesits value consideiably foi two-thiids of the 

• The Bottom of tliegudoia ehoUiaDo 6 feet above the flood line, Or 30 foot iibovo bed 
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aiea, as he consideis that tho employment of the full constant, except 
for drainage basins in oi close to the hills, will give extravagant leaults 

9 Nowrefeiimg to the budge over the Sohan Eivei, quoted by Majoi 
Foibes (in page 361) as a somewhat analogous case, I find (see Rooikee 
Civil Engineeiing Tieatise, Vol II , 2nd edition, page 105) that the 
flood discharge was estimated at 91,000 cubic feet fiom the cross sec- 
tions, being neaily up to the full amount (95,700) leqmred by the 
iJiokens’ formula, while the waterway provided was 18,900 supeificial 
feet up to aich spiings, being 33 square feet per square mile of basin 
Major Forbes says the Sohan is viitually a hill toirent, having a com- 
pact rocky basin, but the distance of the Sohan bridge fiom the hills is 
not less than that ovei the East Beyn No doubt the rooky bed will 
ensure a gieater full discharge through the budge than m a stieam like 
the East Beyn with its sandy soil, but tho gieater fall in the foimer case 
would ensure a dischaige through a less area, and 1 doubt whether so 
much is lost by absorption in a stieam like the East Beyn, in the case of 
a heavy plump of lam, ocoumug as it does when the ground is alieady 
thoroughly soaked 

10 Take again the MArkanda, which is perhaps a moie stuctly analo- 
gous case The drainage basm is 850 squaie miles , the wateiway pio- 
vided at tho Grand Tiunk Road budge is 12,876 supeificial feet, or 36 
square feet per square mile Here too, doubtless, the catchment basin is 
more compact (though all other conditions are the same), and therefore I 
would not propose so large an allowance for the East Beyn as 36 feet The 
dischaige of the MAikandaby the Dickens’ formula would be 66,825, and, 
it IS s-iid, no higher discharge has yet been recorded than one of 48,000 
feet (m 1845),* but this is of comse no proof that there may not be a 
greater fiood than this 

11 I will endeavoui to get later leoords of Maikanda flopds, and to 
examine the case of the Gaggar and any other sti earns I can gel, but, 
meanwhile, while fully assenting to Majoi Foibes’ view that the Dickens’ 
coefficient gives too large results if applied to streams strictly m tho 
plains (like those in the Ganges DoAb, which are virtually parallel to the 
drainage of the country), I cannot see, from the instances I can oolleot of 
discharges at points 30 or SO miles only from the hills, where the drain- 
age IS crossed at ught angles, that the coefficient is too large m a country 

• Imoosatoiafloodof atoutthlsvoloinamisee— A M B 
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hke tbs Uppol PuDjab, where we aie exposed to heavy plumps of ram 

12 In the present case we have had such full warning, and the results 
of failuie aie so disastious, that I really do not care to risk anything I 
would gladly oompiomise, if I could, by making spill gaps on both sides 
of the budge, but foi this, as the section will show, theie is no loom 

13 The dischaige to be provided for, if the full coefficient i equired by 
the Pickens’ formula be given for the whole diainage aiea, will be 125,000 
cubic feet instead of 85,000 as computed by Majoi Forbes, or 25 square 
feet per squaie mile of basin instead of 17^ , this is equivalent to a fall 
of one inch iii an hour over 190 square miles f about one-fourth the catch- 
ment basin), and this seems to me not an impossible amount of rainfall 

14 If this extra amount is piovided in the mam channel, it would le- 
quiie five girdeis of 110 feet instead of two as above proposed , it would, 
however, be more cheaply given by adding 800 lineal feet more of flood 
spans, 01, say, 27 extia 30 feet giideis 

15 The whole waterway of the East Beyn Valley would then be— 

Lin It 

2 gliders of 186 feet, = 272 

2 „ 110 „ = 220 

32 „ 80 „ . = D60 

Small existing girders, = 76 

1628 

lineal feet in a length of 1^ miles, or about one-fifth of the breadth of the 
valley, — a large but not, I think, an extravagant amount 

16 With regard to the flood openings, which would only com e into use 
during excessive floods, the Chief Engineer proposes SO feet girders 
fiom England, or 16 feet girdeis made out of old rails as the most eco- 
nomical expedient, and he suggests cast-iron sciew piles to carry them 
I iindeistand, however, that trouble has been experienced on the Punjab 
Noithem State Railway viadnots with soiew piles from the vibration of 
trains, and I am melmed myself to piefer masonry piers, either sunk on 
wells 16 feet deep, or with inverts, or a concrete flooring four feet below 
the surface, and defended by apron walls, fiont and rear, as may be found 
most economical The question of the best unit of waterway for the 
laige amount of flood openings that will be required m both the East 
and West Beyn Valleys is one that must depend greatly on the compar- 
ative cost of diffoient methods, and which I have no doubt the Chief 
Engineer will carefully investigate before deciding 
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17 Tho cost of the 9G0 feet of flood opening is, I behei e, estimated by 
the Chief Engineer at less than Rs 100 pei running foot of wateiway, 
31, say, one lakh altogethei The cost of tho huge budge should not 
exceed Rs 400 pei lunning foot of wateiway, oi, say, two lakhs, making 
a total of three lakhs 

I now send the piesent Note of Majoi Poibes’ to Mi Stone foi him to 
record his opinion if he wishes, and will ask Majoi Foibes to add any- 
thing fnithev that occius to him, when the mattei may be rofeiied to 
Government of India for decision 

Meanwhile, work can pioceed to the extent, at any rate, of the watei- 
way proposed by Mnjoi Foihes, and to which I understand the Chief 
Engineer to assent, proper plans and estimates will of comse be prepared 
and submitted 

I would also ask the Chief Engineer, in the case of this and similar 
waterways which it may possibly be found neccssaiy to increase, to con- 
sider whether the abutments cannot be treated as pieis (as cairiod out on 
Mr Molebworth’s plan on the Indus Valley Railway) with loose masses 
of stone in hen of wing walls, at any late for the piesent, so as to save 
time and money 

Note on the Waterwmjs of the West Beyn and othm Bt idges m the Beaa 

Valley By Majon J G Forbes, R E 

Commencing fiom the Beas budge (which is at 59^ miles fiom La- 
Lore), the bridges on the Semde, Punjab and Delhi Railway in the Bast 
Talley of the Boas are ns follows — 


Name of Bridge 

Lineal 

waterway 

wateiway 

: Distnneo from I 
Lahore 

During flood 
of 10 th anti 
2()th Angnst 
1878 

Pattnehak, . 

Mamlornli, 

Hainbowdl, « 

Harafdi naltah, 

Hamldi, , 

West Beyn, 

Chatar Singh, 

Hamlin, 

Total, 

109 

£6 

103 

101 

203 

160 

193 

977 

493 

1,680 

1 166 

2 248 
ISIO 
1,016 
2,098 

M Ch Xintf ; 

61 70 40 

62 62 10 

64 2 75 1 

64 63 43 

66 49 12 
86 SI 34 

67 10 0 

67 26 70 

stood 

Destioyod 

Ditto 

Ditto 

Ditto 

Ditto 

Stood 

Destiojed 

l/)08 

10,869 

1 
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This amount of watoiwny gives a mean depth of about 10 feet on floor- 
ings of bridges, and with a velocity of six feet, a capable discliaige of 
65,000 cubic feet pei second 

The Pattuohak, Mandoiah and Hambowffl piaotically diain one catch- 
ment basin, the area of which is 14 squaie miles The waterway given 
to the budges is 3,002 square feet, oi 214 43 square feet per square mile 
of basin 

The basin of the Ramidi comprises 55 square miles The wateiway 
given IS 3,408 sqiiaie feet, or 62 square feet pei squaie mile of basin 
The catchment basin of the West Beyn is 664 square miles, including 
about 10 square miles of drainage area belonging to the Chatai Singh and 
Hamira, which act as flood channels of the West Beyn The wateiway 
allowed is 4,459 square feet, oi 6 71 squaie feet per square mile of basin 
Now taking out the probable maximum dischaiges of these catchment 
basins, and commencing fiist with the HambowAl, with its small diainage 
aiea of 14 squaie miles If we suppose a similai fall to that which took 
place at Julluiidur on the 18th August 1878, viz , 11 inches in 14 hours, 
to occur over the whole of the basin, and taka 85 as the amount passed 
off (the largest coefficient known is 89, and this was for a diamago aiea 
of thiee square miles), we get a discharge of 6,018 cubic feet per second, 
which, as might be expected with such a small basin, agiees with the 
discharge by Dickens’ formula, with the full coefficient of 825, which 
gives 5,970 cubic feet per second 

Again, applying Dickens’ formula, with the full coefficient to the 55 
square miles of the Ramldi basin, we get a discharge of 21,000 cubio 
feet pel second, which also agiecs with that obtained fiom the rainfall, 
supposing 73 of the amount to be earned off 

The full coefficient is, I considei, mapphcablo to the case of the West 
Beyn, with its laige catchment basin of 664 square miles In my Note 
on the East Beyn I took 560 as the propei coefficient for that river I 
considered it was so well known a fact that the Dickens’ formula was not 
applicable with its full coefficient, except for the discharges of hill 
streams, and of small catchment basins, that I did not enter into reasons 
for the leduction , but, as it appears there is still a lingeiing belief m the 
entue applicability of the Dickens’ formula, and as I have been invited 
to entei moie fully into the question, I propose domg so heieafter, as it 
would be extraneous to the object of this Note to do so now 
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Accepting 500 as the piopei coefiBuent foi the East Beyn, as the dis- 
chaige ciiknlatcd by it agiees With that deiiyed tiom the lainfall, and 
from the flood through tlie budge and bleaches, as also by O’OonncU’a 
foimiila, I find the eoefficient loi the West Beyn* would bo 619 Ap- 
plying this, wo get a dischaige of 81,000 cubic feet 

Cher king this by the O’Counell loimula, with a modnhis of 115, we 
find tho dischaige to be a little moie than 80,000 cubic teet 

Taking the laigei dischaigo of 81,000 cubic feet pel second as appiox- 
imatcly conecttoi a maiunum, it is equivalent to a laiufall of neaily 5 
inehcs ovei the entiie catchment basin of b64 miles, oi about one-fifth of 
an mill pei Loui Colonel Dickens foi mall aieas of 50 miles allows 
only half an inch pei honi 

From the above data then I considei it will be safe to take the ma%i~ 
mum disoliaiges of tho diffcient basins as follows, vtz — 

Hambowil, 6,000 cohic feet pei second 

Kamidi, 21,000 „ „ 

West Beyn, 81,000 „ „ 

Total, 108,000 „ „ 

But on tho 19th and 20th August these basins weie not in mammum 
flood Only 4 5 mchos of ram fell ovei the Hambowal and Ramidi aieas, 
which, with coefhcients of 85 and 75, gue dischaiges of 1,433 and 4,954 
cubic feet pei second lespectively 

On the first day theie was a fall of 4 5 indies of laiu ovei two-thirds of 
the catchment hasm of the West Beyn, and of 0 inches ovei the leniainmg 
one-third Taking 35 of the amount as the quantity passed oft, the dis- 
charge would be 31,500 cubic feet per second On the second day thei e 
was a fall of 7 inches over one-half the area, and with a coefficient of 50, 
this would give a dischaige of 31,000 cubic feet per second 
In addition, however, to the amount due to lamfall, there was a con- 
siderable spill from the Rivei Beas, and m oidei to obtain some approxi- 
mation to the quantity, wo must find the amount passing through the 
budges 

• TaUaeSrofpr tho Bast tho eoomcicntlor thoSohim would bo 760 and tho dlaohnigB 

89 60g oiiMo feet, whldh ngreca with that iifianmed , m.OOO cnWo foot, whereaa the tlill coelHol 
onteJSgivosii dlsohargo of 90,700 cbWo foot per socoud 
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Wolimg tins out by the afflux, S^c , the probable quantities dischaiged 




l|i 

III 

raiufftll 

Due to 
spiU 

Fattuc-hal , 

7,816 




Mautlornh, 

4 20'^ 




HambowAl, 

13,387 






36,410 

1,433 

23,977 

Ramidi nallah, , 

10401 




Kamich 

19,017 





1 

30,018 

4,954 

26,064 

West Boyu, 

12,744 




Clmtni Singh, 

8,128 




Hamira, 

19,768 






40,680 

31,500 

9,130 

Total, 1 

96,063 

96 068 

37,887 

68,171 


Instead of 96,000 if we take 100,000 cubic feetpei second as the actual 
discharge, and consider 60,000 cubic feet per second as the spill fi om the 
rivei, we shall piobably get a veiy close appiosimatioii to the tiiie amount 
of marimum spill, ns on the 19th nnd 20th August 1878 the Boas gauge 
was one foot higher than what used to be consideied the highest flood, 
that of 1876 

Although very unlikely to occur, if we accept the possible as the pro- 
bable, and say that all the catchment basins and the liver are disohaiging 
then maximum at the same moment, the wnteiway that will have to be 
provided must be capable of passing 108,000 -h 60,000 = 168,000 cubic 
feet par second, which, with a mean velocity of 6 feet, would lequue 28,000 
equate feet of opemng, and with the depth of 10 feet as now given (see 
page 866), which possibly is too much, a lineal wateiwny of 2,800 feet, 
or nearly thiee times as much as that originally piovided 

Eevertmg to the discharges of the catchment basins duimg the late 
floods, as shown above, it will be seen that out of the 68,000 cubic feet 
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of spill entering the valley, 49,000 cubic feet passed off by the Hambowal 
and Eamfdi basins, and only 9,000 by the West Beyn At the first 
glance 1 thought I had possibly made some mistake in taking out the 
quantities , but on looking at the section it will be seen that the breaches 
on the Railway are entvely confined to the immediate vicinity of the Bam- 
lowdl and Ramidi nallah hndges m a distance of 1 J miles, me , from mile 
68^ to mile 6i| In page 367 it will be seen that 2 14 and C2 square 
feet of waterway pel square mile of catchment basin was given, and not- 
withstanding these laige amounts, the bieaks occurred, thus showing that 
an undue stiain was brought to bear on this pait of the line The cniue 
of this strain IS at once seen by an inspection of the map the Eamidi 
and Mandoiali are actually flood channels of the iivei Tlie Hambowal 
18 also piactically one, and, besides having to oairy off its own share of 
the burden, has to pass some of the spill of the Mandorah This is 
cleaily shown in the lougitiidinal section up the east bank of the Bees, 
and in the Chief Engineei, Scinde, Punjab and Delhi Railway’s leports, 
dated 4th November 1876 and 10th December 1875, on the flood of that 
yew, in which both the Hambowdl and Earaldi bridges, as well as the 
Hamfra, were destroyed, the Bamfdi having previously been earned 
away in 1871 Thus m eight years this budge has been thiee times 
destroyed, and the Hambowal has faied little better The Hamfia is in 
the lowest part of the valley of the Beas, to which tends all the upper 
spill of the nvei neax theBeyu jhils, mde page 871 , and besides this, 
the Eamira budge has to carry off a considerable poition of the West 
Beyn floods 

Considering these facts, it is not surprising that these three bridges, 
and the Hambowdl and Eamfdi in particnlai, should have been such a 
constant source of trouble 

The fans et ongo malt is undoubtedly the flood of the Beas enteimg 
these channels, and the obvious remedy is to keep out the spill, at all 
events fiom this part of the line Although 1 am far fiom being an ad- 
vocate foi embankments along rivers, I consider it would be veiy advis- 
able to construct one on the left bank of the Beas for a distance of 16 miles 
from the Railway bridge to near the village of Eurah (opposite Govind- 
pur), between which points the high cliff of the river oorpes close down 
to the water’s edge on the right bank, andtheieaieappaiently no villages 
to bo damaged by any possible mcreasod height of flood, which, however, 
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I believe, will piactically not take place, judging from the fact that the 
Gandak has been embanked foi some yeais for a distance of about '10 
miles fiom neai the foot of the hills to its junction with the Gingea, 
without any damage being thus caused to the villages which aie situated 
between the embankments and the iivei Ihe budge ovei tlie Boas is 
amply sufficient to cany off any amount of dischaigc likely to be bi ought 
down, even supposing the iivoi to be embanked up to the foot of the hills, 
so no fear need be enteitaiiied on this score The aveiage spill over the 
bank IS appaiently only 3 5 feet in depth (10 feet in the Hamfia and Ra- 
inidi), and the average height of the embankment will, tberofoie, be less 
than 6 feet 

Above Rmah, the principal place where the uvei spills is near the vil- 
lage of Mall at the head of the Beyn jhils Tbeie has been a consider- 
able OQiiespondcnce m the Punjab Public Woiks Depaitment regaiding 
the encroachment of the iiver at this point All the officers who have 
visited the spot aie unanimous in their opinion that some measuies ought 
to be adopted to pievent any fuither eiicioachment, and to prevent the 
river cutting into the jluls 

The Supeiintending Engineei, 2nd Circle, Punjab, has recommended — 

(a) The consti notion of a bund and spin at Mali, to throw the river 
again into its right channel 

(5) The laising of the road fiom Naushahia to Mitfni, and thence 
to Euiah 

(c) The construction of an embankment fiom the high land at 

Dhanoia along the Sawai nallah 

(d) The raising of the Bhatt ghdt road as far as its junction with 

the Naushahia and Miani road 

These piopositions, the total cost of which is estimated at less than 
Rs 80,000, aie now before Government 

If the embankment is constructed from the Beas bridge to Riliab, and 
the measuies recommended by the Superintending Engmeei aia canied 
out, the spill from the rivei will be entiiely shut out of the Beas valley, 
and the wateiway to be provided through the Railway can, theiefoie, be 
reduced to an amount sufficient to discharge the maximum drainage of the 
West Beyn, &o , mz , 108,000 cubic feet pei second, with a small margin 
m case of bleaches m the embankment A piovision foi 120,000 cubic 
feet per second will probably be found amply sufficient To pass ibis 
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ftmount, a snperficiil aiea of 20,000 square feet will only be leqiured, 
and a lineal wateiway of 2,000 feet, with the present depth of 10 feet, 
wliiob, however, as an avei age depth, may, piobably be lediicod with advan- 
tage, in which case, of coni SB, a greater length of wateiway will bere- 
cpiired 

The Grrand Tmnk Road urns paiallel to the Railway at a distance of 
about a qnaiter of a mile on the noith oi np-stieam side along the whole 
width of the valley fiom Hamfia to near the Beas When the loid was 
fiist made, tmaboi budges were constracted over the different streams in 
the Beas Valley The aggregate wateiway piovided was 6 313 superficial 
feet, excluding the West Beyn These timbei bndges, however, woio sub- 
sequently removed, and causownys made with a waterway of 26,050 super- 
ficial feet, 01 upwards of four times the amount ouginally given, and on 
which was based the size of openings allowed foi the Railway budges 
No corresponding incioase was given to the latter, which theiefoie had to 
pass off in the same time a consideiably laiger amount of watei than 
ouginally calculated foi , as foimeily, the Giand Tuiak Road acted to a 
gieater extent as a piotective bund, which unless overtopped, only allowed 
a ooraparntiTcly limited quantity of watei to pass through Since the 
construction of the causeways tho Grand Trunk Road can no longer be 
looked upon as a piotective embankment to the Railway , and a proposi- 
tion biought foiwaid that the causeways should be built up as wens, I 
look upon as a probable source of mjuvy, and not a benefit, either to the 
railway, the road, oi the villages situated above it 

It is obvious that some mutual arrangement should be come to between 
the Road and Railway authoutios ns to the waterway to be given, and the 
position to be assigned to tho budges and causeways 


Write Ig CoL J G Mbdlev, R E , Watet'wags t equired in the East 
Seas 'ValUg, Scmde, S^mJah and Delhi Railway 


Dated Lahore, lltli Deamber ISIS 

TJie bridges on the Scmde, Punjab and Delhi Railway m the East Beas 
Valley were practically destioyad by the floods of August last, and the 
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line broken foi a length ol iw miles, as alieaily lepoitod to Govern- 
ment It becomes tlicicfoio iiocessniy to decide on wlial steps should be 
taken to lestoie peimincnt communication in time befoie the next lainy 
season 

Majoi Foibes’ Note attached shows that the eight stieams conoeiiied 
may piactically be coiwideicd as tbiee diaiuage lines Ot these, the 
tnst two, compiisuig live budges (of which foui weie destioyed), failed, 
not fiom deficiency of natciway as leqimed by the uei of then cutoh- 
nieut basins, but solely ui consequence of the spill oi ti the east b ink of 
the Beas 

The thud diamage, comjnising thrie budges (wlieieof two weie des- 
tioyed), was decidedly deficient in wateiway, which must here be oon- 
sideiably iiici eased 

With legaid to the iiver spill, Mijoi Foibes leeoiiiiiieiids the oonstiuc- 
tioii of an embankment along the east bank of the iivei fiom the lailw ay 
budge to a point 16 miles higher up, and estimates that its aveiage 
height will not exceed six feet If so, its cost should liardly exceed Rs 
50,000, as I do not think that any stone facing would be uecessaiy, and 
theie can, I think, be no question that its constiuctioii would be a great 
boon to the oultivatois along the bank who suffcied seveiely dining the 
late inundation 

Above these 16 miles aiiotiiei embankment oi embanked toad has 
alieady been pioposed by the local Public Woiks authoiities, and 
estimates for it, to the amount of Rs 80,000, aie now, it is believed, 
before Goveinment This will be so fai an advantage to the Rail- 
way that it will shut out tlia spill now enteiing the West Beyu drainage, 
and 1 should think it quite fan foi the Railway to pay a poitiou of its 
cost 

If these rivei embankments aie made, a length of 2,500 feet only of 
budging will be required foi tho wholo yalley on the railway, m order to 
provide the wateiway due to a maximum lamfall 

If these embankments are not made (or until they are made), an addi- 
tional 1,000 lineal feet will be required to pass the nvei spill, or 3,500 feet 
altogethei The cost of the additional 1,000 feet of viaduct will amount 
to about one lakh, while the full Railway shaie of the rivei embankments 
will piohably cost as much, but theie can be no question that it will be 
better to shut out the spill if possible 
373 



40 NOTES ON FLOODS OP EAST AND WEST DEYN 

The discUBsion of this embankment scheme Will, howovei, tT,ko time , 
other interests are involved hcsidps those of the Railway, and othei pai- 
ties have to be consulted befoio action can bo tiken The Railway can- 
not depend on the embankraeiit being made beloie nsYt floods, and, as 
Consulting Engineei, I have to decide at ome on what should be done 
in ordei to maintain comninnicatioii dining next floods 

As above obscived, we recpme 2,500 lineal feet of budging, whethei the 
embankments aie made oi not, but, as it will not bo safe to make this 
unless we tan also provide foi the iiver spill, I rtcorumtnd that this shall 
meanwhile be temporarily provided for by flood gaps between the biidgts 
The total disohaige duo to this flood spill, as calculated by Major Foibes, 
IS 00,000 cubic feet per second,* foi which 20,000 squaie feet of flood 
opening must be provided Of this, 17,000 square feet must be given 
to the line between the Mandmah and Ramfdi, the balance being given 
to the West Beyn 

Should we again have a flood similar to last yeai, the tiaffio will be stop- 
ped cluiing the passage of the flood waters down the gaps, and some damage 
will be done to the banks, but that is the woist that should happen 
The flood gaps should have descents not exceeding 1 in 100, and the 
lailway banks need only be cut down below the flood line sufficiently low 
to give the lequiied area of flood passage I see no necessity foi artificial 
protection to the slopes and bottoms fuithei than the usual ballasting, as 
the arrangement is only presumed to be a tempoiaiy one 
Now as to the budging to be provided at the several streams— 

The Fattucliak budge remains umiijuiod oi neaily so, and Major Forbes 
shows that theie is a snpeifluity of wateiway piovided here No fuither 
addition will Iherefoie be necessary 

The next budge, the Mandornh, has been destroyed , it had one 60 feet 
girder, and one moie may perhaps be added, though not absolutely neces- 
sary at this point 

The next budge, the Hambowal, has also been destroyed, it had 102 
feet clear waterway, and this might be doubled, as tins bridge, the last 
and the next would have to piovide for any spill from the Beas caused by 
any breach in the river embankment 
These three bridges crossing the first drainage will thus provide 433 
• iyo(e-ic,tl)atvrasUiil nmonutof InatBenaonB flood, wMoUmoyof conrBO bo higher anotbor 
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Imoal feet, oi S,G5l snpcifiual feet of waterway for a ram discliaige of 
G,000 cnbio feet, wliidi might bo cousitkiably mcieascd by spill fiom. the 
liver without doing haim, though this spill will be separately provided 
for by the flood gap 

The next budge (ovei the Eamfdi uallah) had 101 feet clear wateiway, 
and might also be doubled foi the same reason as the last 

The next budge (ovei the Ramldi itself) had 202 feet waterway, and 
might be inoioasad to 303, as Majoi Foibes’ Note shows that the Eamldi 
diamage, though just sufficient, has nothing to spaie 

There will be provision made, as above noted, foi a flood gap of 17,000 
supeificial feet between the Mandorali md this last bridge 

These two budges ciossing the second drainage will thus provide 505 
lineal feet, or about 5,050 eupuficial feet of waterway toi a rain discharge 
of 21,000 cubic feet , any furthei mciease to this disohaige, due to river 
spill, being piovided foi by the flood gaps above-mentioned 
We now come to the third oi West Beyn drainage 
The West Beyn itself had 150 teet clcai waterway , the Chatar Singh, 
which stood, and which belongs to the same diamage, has 96 feet , and 
the Hamlia, also belonging to the same drainage, had 193 feet, mahing a 
total of 439 lineal feet, or about 4,500 square feet to pass n maximum 
ram discharge of 81,000 cubic feet cleaily rnsnfficiCnt An addition of 
some 9,000 snpeifieial feet is evidently necessary I would double the 
wateiway of the West Beyn itself, add 50 feet to the Hetmia, and then 
add 1,000 Imoal feet of flood openings between the two budges, in the 
same manner that I have aheady proposed foi tlie East Beyn If this 
cannot be done in time, I would substitute an equivalent flood gap, for 
which I think theie is room 

The total length of wateiway to he thus piovided in the East Beas 
khddir will thus be 2,577 feet in a length of 7^ miles, oi about 1-1 5th 
of the whole, certainly not an extravagant amount in such a valley 

I have now to remark on the influence of the Grand Tiunk Road em- 
bankment as tending to aggravate the results of these floods, owing to its 
position on the up-stream side of the line 

Major Eoibes is of opinion that, as the load embankment was general- 
ly topped by the floods along its whole length m this valley, tlie mischief 
done by the pent up waters being let on to the lailway thiongh the flood 
sans must have been less than Mi Stone suppoaos, as the load viitually 
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became a drowned weir, but that the destiuction of the West Beyn rail- 
way bridge was oleaily due to the breach of the road embankment clooe 
to the road bridge, by which a toiient of water was suddenly poured on 
to the railway bank The road bank, however, hefvrt it was topped by 
the advancing flood, must have poured torrents of water on to the railway 
thiough the flood gaps, and must, I think, have caused great damage to 
the latter 

It can now answer no piactical purpose to revive any discussion as to 
past proceedings in this matter, but theie can be no question that, 
situated as these two embankments are, action should be taken con- 
jointly 

The railway will be safe from any harm caused by ponding up any fu- 
ture flood against the road bank, if the metalled gaps in the latter are 
made with long gentle slopes, so that the watei may not be let through 
with a rush, and there will, I piesume, be no objection to this arrangement 
on the part of the Road Engineers But unless ths ts done, there w%ll he 
dteUnct danger to the ‘lailway budges, and I would theiefore bog that 
the Punjab Government will diiect the Supeiintondmg Engineei to place 
himself m communication, without loss of time, on this subject, with the 
Chief Baginoor, Scmde, Punjab and Delhi Railway, informing him exactly 
of what 18 pioposed, any diffeience of opuuon being immediately leforred 
for decision of higher authoiity 

As the metalled gaps in the Giand ‘Trunk Road aie meant to provide 
for the nvei spill, then they would not affect the safety of the railway, 
if or when that spill was shut out by the embankments above-mentioned, 
— m fact they would not be necessary 

But witif that 18 the case, they are unquestionably a source of dangei 
to the railway Now, as it is evidently undesirable to piovide budging 
on the railway that may not be required if the spill can be shut out, any 
roadway gaps that are considered essential foi the safety of the road, 
must be met by oorrespondmg gaps m the lailway as a temporary ar- 
rangement 

If it IS found impracticable to make the embankments in order to shut 
out the spill, then the temporary gaps left m the i ail way must be leplaced 
by a regular viaduct 

The Chief Engmoer should of couise lose no time in submitting re- 
gular plans and estimates for formal sanction But meanwhile it is 
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necessary that I should give Government some idea of the probable cost 
of the work 

In the first place it must be stated that the gliders washed away last 
season are hopelessly irrecoverable, they are buiied in deep water, and 
the only one that has been dragged out has cost a good deal more than 
it 18 worth 

The masonry woik (piers and abutments on well foundations) is also 
practically destroyed, and the bridges have to be estimated for as entirely 
new works 

The Chief Engineer will state liis proposals in detail hereafter I have 
discussed the subject with him, and drawn his attention to the cost of 
similar kind of work lately executed on this line, which I think is higher 
than it ought to be 

Considering that a bridge like that over the Jhelnm on the Punjab 
Nortbein State Eailway was made foi Rs 855 per lineal foot of water- 
way, and that over the Chenab, with wells 70 feet deep, was made for Es 
650, I think that spans undei 100 feet, on well piers 40 feet deep, should 
certainly not exceed Rs 400 per running foot as a maximum 

The Chief Engineei estimates flood openings of small girders with 
masonry piers, floorings and diop walls at under Rs 100 per foot of 
waterway 

The cost, therefore, of the 1,372 feet of bridging now to be provided 
should ceitainly not exceed 5^ lakhs 


This Note 13 now sent on to Mr Stone, with Major Forbes’ Note, for 
any remarks he may desiie to make 

The Notes will then be printed and copies sent to the Punjab Govern- 
ment and Government of India 

Meanwhile, as there is no time to spare, the Chief Engineer, Somde, 
Punjab and Delhi Railway can, if the views expressed meet with his con- 
currence, proceed with the work to the extent indicated above 

As it IS uncertain whethei the work can be completed before next 
season, it is evidently necessary first to make provision for any possible 
early floods by means of proper gape in the bank, so that any bridges 
under construction may not be risked 
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No 262E, dated 15th Jannaiy 1879 
Pioni- — The Government of India, P W department 
To — Consulting Engmeeei to the Govt of India for Guaranteed Bail- 
ways, Lahoie 

I am diieoted to acknowledge the leceipt of the punted Notes drawn 
up by yourself and Major Foibes on the subject ot the water ways requir- 
ed for the East Beyn and East Beas Valleys to prevent the recnrreiroo 
of breaches on the Sciude, Punjab and Delhi Esilway in the East Beas 
Valley, and to request that Mr Stone, the Company’s Chief Engineer, 
may bo informed that the Government of India will be glad to receive as 
early as possible an expression of his views on the proposals contained 
therein 


Dated 18th December 1878 

Prom — 0 Stone, Esq, Chief Engineei, Scinde, Punjab and Delhi 
Railway 

To — Consulting Engineer to the Govt of India for Quaianteed Rail- 
ways, Lahore 

I have the honor to acknowledge yom No 2497 of 5th instant, giving 
cover to Major Poibes’ and yoiu notes on flood damages of 19th and 
20th August 1878 in the East Beyn Valley 
Having discussed the mam points and the calculations with yourself 
and Major Forbes on the 30th November, my remarks need not be veiy 
voluminous, the chief question being as to the length and desmiption of 
bridging to be used across the valley 
It will be advisable if I take your notes seriatim-^ 

Paras 1 and 2 — Need no remarks 

Para 3 — The calonlations of Majoi Forbes show that the total dis- 
charge to bo provided for is 85,000 cubic feet per second, allowing for a 
velocity of 6 feet per second 

Paras 4 and 5— Give the amount of Imeal feet of waterway required 
for the discharge of the 85,000 oubio feet The manner of providing for 
this will bo found tabulated at the end 
Para 6 —I admit (as a general piinoiple) the objeotrous made to widen 
the bridging of the mam channel beyond the alteration of having but quo 
pier instead of two, with tho defined banka of the East Beyn, except that 
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tlie iivei by the late floods has been widened out at the budge by soonr 
behind each abutment, and I am of opinion that it would be bettei to 
span these gaps by the two extra 110 feet gliders (making the old abut- 
ment piers) than putting them away fiom the mam bridge The channel 
of the rivet is so well defined and deep, that any silt deposited in modai- 
ate 01 slack flood would be cleaied awiy lu strong flood 

Pmu 7 — ■! appiove of giving the additional flood openings with 30 feet 
girdeis (oi a poition of these additional flood openings might bo spanned 
by IG feet gilders made up in the Engmeeis' woikshops), with bnolt 
piers on oidnmy foundations, the same as at the 10 feet gudet budge, 
and double 20 feet giidei budge in the same valley, a little westward of 
the mam budge, unle&s upon excavating to put m the foundations the soil 
IS found to be unsuitable at any point, when I should use well founda- 
tions m lieu of hriok foundations on conciete 

Pa) as 8 to 15 — Majoi Foibes is cleaily of opinion that the piovision 
foi the disohaige of 85,000 ci bio feet is sufficient, and I should be dis- 
posed to suppoit his opinion But the desti action has been so gieat and 
the piobabilities (fiom the evident increase of lainfall m the Jullnndiu 
and HoshiAipui Distiicts) of even a groatoi lush than 1878, that it 
would be bettei to eri on the light side and give an increase than subject 
the line to furthei disasteis Had the line been a gieater distance fiom 
the hills, I ceitamly would not have appiovod of an mcioase beyond that 
pioposed by Majoi Forbes But fiom its nearness to the lowei range of 
hills, and ciossiug this coiitiaoted and deep valley at light angles, I should 
piefei giving an mcieaso beyond that pioposed as necessary (foi the 
85,000 oubio feet) by Majoi Foibes Seeing this immediately aftai the 
desti action of the budge, and whilst the flood was paitly on, I remaiked 
that it looked to requiie to be budged with as much wateiway as is given 
at the Mdikandd But, as you obseive that you will endeavoui to obtam 
fmtber recoids which might strengthen your opinion, the length of addi- 
tional flood openings beyond the two 110 feel and the 5 30 ieet can be 
accepted, and the woilc pioceeded with pending your further enqnuies 
The objection to the postponement of the question is, that having to tele- 
graph to England foi the guders, the delay might very seiiously letaid 
the completion of the work, should it be decided to carry out your pio- 
posal of 32 30 feet spans 

Para 16 — At the time I suggested the 80 feet gudeis on raking 
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screw piles, and 16 foet on smaller vertical piles, I was not aware of a 
similai principle having been tried upon the Punjab Northern, and found 
not to answer satisfactorily, and I should certainly prefer using masoniy 
pieis and 30 feet girdeis only foi this contjacted and deep valley, the 
smaller spans I suggested were foi the long low flood openings between 
the bridges in the Beas or Western Beyii Valley 

If the shorter length of budging of five spans of 30 feet only is used, 
then I certainly would adopt the plan of backing up the last pier with 
stone and using it as an abutment , but if a long length as proposed by 
you 18 adopted, I would prefer completing the viaduct with the usual 
wing-walls A further and more important leason for adopting masonry 
piers IB, that m estimating for the alteration after making worlung draw- 
ings, I find that the 30 feet gliders on masonry piers, it is cheaper than 
the screw pile arrangement 

The appioximate cost per foot run of the nlteinative proposals is al- 
ready before you 

I will submit, at the earliest possible date (after the full amount of 
waterway is settled), detail estimates of the cost of the whole works for 
the East Boyn Valley 

Amount of new bridging decided upon at piesent — 

lin ft 

East Beyn River, two gndeia of 136 feet, , = 272 

„ „ „ of no „ = 220 

„ „ five spans of 80 „ =160 

Total of new work, = 642 

And for this I would ask for immediate sanction, oi rather I would 
say for the two 110 foot to be lemoved fiom the Sutlej Bridge and five 
spans of 80 feet girders, and the earliest possible decision of the farther 
increase cither with 80 feet oi 16 feet girder, but, as before obseived, I 
would piefer the 30 feet glider for this valley 

Having discussed upon the ground and in subsequent interviews with 
the Consulting Engineer and Mnjoi Poibos the general proposals, and 
pioctioally acceptmg the plans to bo adopted to endeavour to prevent a 
repetition of the disaster in the Beas Valley, it will be unnecessaiy for 
me to do moie than make a few rpmaiks upon the proposals for shutting 
out the spill of the Boas River, the additional waterways, and the des- 
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cuptlou of girders to be employed for the construction ot the budges and 
flood openings I will take the Notes of both ofiBcers conjointly 

The Consulting Engineer, it will be observed, iii page 376 of his Notes, 
endorses my opinion alieady recoided, that it would be useless to fuitlier 
discuss the past, but that joint action should be taken with the Superin- 
tending Engineer of the Gland Trunk Eoad and myself as to what had 
best be done at the Grand Tinnk Road, and in this latter point I fully 
agree, and tiiist that such joint action may be taken early, in order that 
I may know at what points I should place some of the additional flood 
openings, as well as to know if the Grand Trunk Road Enginoeis will 
reduce the inclination of the slopes at the causeways , this I considoi an 
impoitaat point to save the great lUsh, v»hioh under present ciroumstanoes, 
come down upon the line 

Eiribanlment proposed Jor shutting out the spill of the Btvei Beas — I 
have had no expeiienoe in damming out the spill of a laige river, hut 
both the Consulting Engineer and Major Foibes having given instances 
of longer embankments than the one proposed of 16 miles having been 
oairied out, and with success, I would certainly accept the expeument in 
this case, more especially as my views throughout have been to endea- 
vour to keep the river in its present course, as it will be remembered that 
my oiigmal views with this object were to raise the causeways and endea- 
vour to bring the body of water passing thiongh the Giand Trunk Eoad 
back to its normal or original condition when the hne was first construct- 
ed — (vide my report on flood damages, 1875, dated Lahore, 4th November 
1875) It was suggested through the Consulting Engineer, m the be- 
ginning of last year, that the upper part ot the river might be shut out 
by a bund above head of the West Beyn jhils, but I did not consider it 
would be of any practicable benefit to shut it out for a shoit distance 
some 60 miles above the line of railway, as it would spill in again imme- 
diately it had passed the end of the bund or gioyne But I am of opinion 
that this pioposal would now be of advantage in connection with the pio- 
posed 16 miles of embankment — the upper bund to shut out the spill of 
the river into the West Beyn diamage, and the embankment to shut out 
the spill from the Hamhowal and Mandoiah diamage, that is to say, if 
full waterway is not given at the railway to carry oflf both the rainfall 
and nver spill 

The aveiaga height of the water spilling over the east bank of the 
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Beaa Rivei, as shown by tho section taken by this oiEoe in December 
1875 foi 14 miles ahoye the binlge, aiciages 3 5 feet in depth, and it is 
pioposed to thiow up an embankment oi si'i feet in height , this would 
giro 2 5 feet above flood , this, foi a new embankment (supposing it to 
be oaiiied out), I do not Lonsidei would be sufficient, eveiy piecaiition 
must bo taken to picveut a bieach, and with uew eaithwoik tlieie would 
be a consideiable amount of settloment , and theie is no reason to con- 
elude that the 3 5 feet would be the maximum of flood wlieu the iivei is 
shut out fiom the valley over a laige aiea of countiy by an embankment 
of 16 miles m length, m addition to the pioposed embanked roads leferred 
to in Major Poibes’ Notes, page 371 (a), (i), (c), (d), and I would prefei 
that the embankment bo thrown up seven feet m height, oi otheiwise met 
by veiy long slopes towauls the iivei, for there is not only the certainty of 
consideiable settlement of the new eaith dniing the floods, but, as the 
spill of the iivei would lun paiallel with tho embankment, there would, 
I fear, be a consideiable amonut of scorn along the toe of the slope 

Anothei ground of objection will, I have no doubt, be biought for- 
ward against this long embankment by vested mtoiests of Zemmdaia 
and the Kapurthala Slate through shutting out the spill of the iivei 
through the channels (except tho West Boyu) which, I believe, aie used 
foi luigition piuposes , such objection was, I know, laised by the Ka- 
puithala authorities when I proposed to raise the causeways m the Giand 
Tiunk Eoad, foi, excepting the West Beyn, the remaining seven chan- 
nels are not aftected to any appieciable extent by the rise of the Eiver 
Beas until it tops the east bank With the West Beyn tins is diffeient, 
tho large jliils being foimeily the mam channel ot the uvei the watei 
filteis m, and since the eucioachmont ot the iivei, as far as ray obseiva- 
tiou has gone, occurs in a much gientei degree , for example, on the 5th 
of November 1878, the Beas River rose 17 inches , the West Beyn at 
the same time also lose 17 inches , agam on the 11th instant, the Beas 
lose 7 inches, and an exactly coriespondmg rise took place in tho West 
Beyn 

Lengthof ivat&way tolepiovided aooss the Beas Valley — The cal- 
culation foi the length of bridging is 2,500 lineal feet if the embankment 
is made, and 3,500 feet if tho embankment is not made, but it is to me 
clear, even if the unanimous opimon of all interested should be m favor 
of the embankment, and such opinion ainved at, at an eaily date, the 
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embankment could not be till own np in one season in time to meet the 
ensuing year’s floods, and with the chances o£ the bleaching of the em- 
bankment (assuming that it could be thrown up in time) duiing its fiist 
seaspn oi two, oi until well consolidated I am of opinion that the full 
length of budging of 3,500 feet should be proTided, oi as much of it 
as can possibly be got in by say the 30th of June next Two months of 
the best working season have passed, and I can toiesee that it will only 
be by woilang eaily and late and stiong gangs of workmen, and exten- 
sive Emopean snpeiiibion, that such an amount of budging as 3,500 
feet can be got in by the 30th of June next But I am aware that the 
subject was of suoh seiious impoitance that it became necessary to give 
it the most oaiefnl attention 

D«sc> I’ption of the proposed bridges and flood openings — The proposals 
aie to span the West Beyn and the remaining five distinct openings or 
nallahs with guders of 110 feet and 60 feet gliders, and foi the viaduct 
(oi escapes if I may so teim it) of 30 feet and lb feet giiJeis, in ac- 
cordance with designs already laid befoie the Consulting Engiiieei 
The large girdeis to be on well piei foundations, and the smallei upon 
brick foundations, drop walls and flooiings 

Since submitting the pioposed designs foi the 30 feet and 16 feet 
gliders (the latter being the cheapest, and costing about Es 100 per foot 
run), I lemembered a oheapei desciiplion of glider that may with ad- 
vantage be used, composed of lails only, and giving a span of 8 feet 5 
inches, this description of girdei I used to some extent on the lower 
section of the Mooltan line some 16 years ago, and tliey have stood 
remaikably well , the cost will not exceed Es 20 to 30 pel toot run, 
depending upon the height of the masoniy, and it will be for the Con- 
sulting Engineer to state if he approves of the design (which is heiewith 
sent), and how much shall be put in between each large oi mam budge , 
and it IS this latter desoiiption of flood escape that I would piopose to 
use, instead of the suggestion of running down on to natnial surface, — 
a responsibility which I should not like to commit myself to foi seveial 
giave and important reasons— 1st, as the valley is liable to be flooded at 
times fiomthe 1st of July even up to as late as the end of September, 
the line might be bleached several times, which on each occasion would 
cause the most soiious inconvemence to tiaffic , 2nd, if bleaches occnried, 
theie would be cousideiahle difficulty m obtainuig earth or ballast in 
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sufficient quantities to at once make up the road, and in all probability, 
as soon as done, it -would be again washed away, Sid, the liability to 
accident, o load might to all appeal ance be good, but fiom the tieacherous 
natuie of the soil it might be so saturated or undeimined as to gire -way 
whilst a tiaiu was crossing, and cause destiuctiou to life and property, 
and BYen supposing it had not breached, if uudei -water, no tiam could 
possibly bo permitted to pass over until the flood had fully subsided 
and the line minutely e-vammed, with the rail girdeis on masonry as 
shown on accompanying sketch, theie would be no such risk 

Gompaiative cost of the woiks on Scmde, Punjab and Delhi and Pun- 
jab Northern State Bailiuays — The Oonsulting Engineer remaiks in page 
377 that the cost of works lately executed on this line is higher than it 
ought to be, and also in the same page points out that budges on the 
Northern State had cost consideiably less , I do not for a moment doubt 
this, but the cases are fai fiom being parallel The cost quoted of the 
Punjab Northern State budging is foi woiks executed upon an unopened 
line with plant and every available means at hand to oairy out the work 
provided for on a large scale The work of leconsti notion was in the case 
of the Somde, Punjab and Delhi on the open line — diversions had to be 
put lu and scoured gaps filled up, oi the existing embankment had to be 
lemoved if a new -work, brickkilns had to be erected, and plant pro- 
vided, specially for the single woik , tiams with mateiial have to be run 
to suit traffic hams, and it often happens that only one tram per day 
could be got out to the woiks , fnithei, working against time, and often 
with supeivision by the best Inspectors that could bo obtained at the 
time, and these men on temporary woiks do not take that inteiesfc in 
getting a good day’s work done that would be the case by peimaneut 
men 

Sanction foi the commencement of the works —Having generally ac- 
cepted the proposals m the notes under reply, I have, in accordance with 
page 877 of Goveinment Consulting Engineer’s Notes, given instniohons 
to proceed with so much of the bndgework as can be at once oommeneed, 
and in anticipation of such requirements, I have had a large number of 
well curbs made, and some 12 to 15 lakhs of bricks burnt Eyeiy exer- 
tion -will be made to push the woiks, its completion in time largely 
depending upon the obtaining of the girders, and whether we have a 
dry or wet cold season 
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No 64:3R, dated 10th Pobruary 1879 

Prom — The Govermnent of India, P W Bepai tment 
To — Gonmltmg Engineei to the Govt of India for Gmianteed Bait- 
wags, Lahoie 

I am directed to aolcaowledge the receipt of yom letter No 84, dated 
the 14th January 1879, forwaiding copy of a Note by Mr 0 &tone, 
Chief Engineer, Scmde, Punjab and Delhi Railway Company, containing 
his views on the Notes prepaied by Majoi Porbes and yourself on the 
wateiways requued in the East Beyn and East Beas Valleys for the 
protection ot the Railway 

In reply, I am to refer to Public Works Department No 555R, 
dated 4th Pebruaiy 1879, forwarding a copy of Public Works Depart- 
ment No 5o4R of the same date to the address of the Punjab Govern- 
ment, relative to the constinction of the 16 miles of embankment re- 
quiied from the Beas budge to the village of Rurah, the spur at Mali, 
the short embankment along the Sawan nallah, and the repairs to the 
Grand Trunk Road causeways These points having been decided, I am 
directed to inform you that the Goveinment of India approves of Mr 
Stone’s proposal to provide 642 lineal feet of waterway m the East 
Beyn Valley, and of your proposal (page 375 of your Note) to provide 
2,577 lineal feet waterway in the East Beas khadii Estimates should 
be submitted at an early date 


Second Nate by Col J G Medley, RE, on Walei ways required 
foi the East Beas and East Beyn Valleys, Scmde, Punkah and Delhi 
Railway 

Dated Lahore, 27th February 1S79 

In continuation of my former Note on this subject, and of Mr Stone’s 
Note following Major Porbes’ and my own, I have now received the Chief 
Engineer’s specific proposals m detail, and have again been over the 
ground with him to examine the woiks m progress 

With regard to the East Beas Valley, Mr Stone has virtually accept- 
ed our oalculatxons and recommendations as to the amount of waterway 
to be provided, and his pioposals in detail are as follows — 
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Tlie Fattuchak budge will remain unaltered, except as reguds the 
reconsti action of the wing-walls, winch have been cracked 

The Mandorah will have two 60 feet gliders, or one more than it had 
befoie, as lecommonded 

The Hambowiil will have four 60 feet girders = 220 feet cleai water- 
way, instead of 102 feet as before 

The Ramidi nallah the same, 220 feet 

The Ramidi river, thiee 110 feet girdeis = 303 feet cleai waterway, 
instead of 202 feet as before, as lecommended 

Foi the flood gap of 17,000 superficial feet, proposed in page S75 of 
my Rote, between the Mandorah and Ramidi budges, the Chief Engineer 
proposes, as shown in the section, one between the Mandorah and Ham- 
bowal, 2,970 feet long, anothei between the Hambowiil and Ramidi nal- 
lah, 1,089 feetlong , and anothei between the Ramidi nallah and Ramidi, 
1,320 feet long As these would have an available aveiage depth of five 
feet below the line of last yeai’s floods, we should have a supeifioial area 
of 27,000 feet, instead of 17,000 feet, or the flood of last yeai would 
have passed at a depth of about thiee feet, which is certainly all that 
should he allowed 

These gaps have been fixed with refeience to the giades down to them 
not exceeding 1 m 500, and the Chief Engiiieei pioposes, as in his fiist 
Note, to span them by lail giideis snppoited on masomy pillars 8^ feet 
apart, having a continuous fiooiing of block kankai one foot below the 
natmal suiface, and protected by apron walla fiont and tear Mr Stone 
reckons that this style of construction will not exceed Ea 26 per foot 
run, and that it is by fai the cheapest unit of viaduct that lie can devise 
Fiom my foimer Note it will be obseived that these flood gaps weie 
only proposed as a tempoiaiy expedient, pending the oonstuiotiou of the 
embankment for shutting out the river spill , that I did not propose 
bridging them, and that I was prepaied to face the possibility of a tem- 
porary stoppage of traSic in case of another extraordinary flood The 
Chxet Engineex natmally wishes to avoid this if possible, and if it can 
bo done at a reasonable cost, it certainly should be done 1 am (pmte sure 

that so long os the river spill is not shut out, the laige budges will not 
bo safe without these gaps, unless, indeed, a continuous viaduct is made 
across the whole valley In that case something might be saved on the 
laiger budges, which would not then require to be so high, but their 
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channels would still have to be crossed by large spans and piers on well 
foundations , and as, even weie there no bank at all acioss the valley to 
head up the flood, theie might still be a lush down these nallahs, it is 
not advisable to lowei them too much 

Whatevei may be the ultimate decision come to as to the construc- 
tion of the embankment along the rivci iii ordei to shut out the spill, it 
seems toleiably ceitiun that it can hardly be completed prior to next 
floods, while the loss to the lailway, by a bleak in the tiaffic of even a 
few days, would ceitaiiily exceed the cost of budging them, as proposed 
by the Chief Engiueei 

After full consideration of the detailed drawings and discussion with 
Mr Stone and Major Foibes, we have come to the conclusion that the 
Chief Engineer’s proposals may be accepted with ceitain additions to the 
flooimg, and that the work may he looked on as permanent, while, even 
if bleached, the cost of repair will be small, and there will be no difficul- 
ty m adding to it heieafter if lequired I have tbeiefoie authoiized the 
work to be proceeded with If the iivei embankment should eventually 
be made, it will be a gieat additional protection to the railway, while the 
whole of the uouwoik of -the viaduct ovei the gaps could at any time 
bo utilized elsewhere if no longer lequired 

[Since wilting the above, I have heard that orders have been given to 
oonstiuct the embankment To what extent the woik can be completed 
befoie next floods is at piesent uncertain , but I have asked Mi Stone to 
postpone work on the gaps to the latest safe peiiod, until we know de- 
finitely what can be done Under any ciiciimstances, so fai as the rail- 
way is concerned, I think the embankment should be made, as even the 
gaps will only provide for a spill siindai to that of last year, and we 
may get a much larger one if the embankment is not made I should 
hope that there will be time this season, at any rate, to construct the spur 
at Mdli, recommended by Major Poibes, to prevent further action of the 
river towards the head of the West Beyn, and at any late to fill in the 
local depiesbions on the line of embankment, by eaithen bunds faced 
with buishwood, or stone if necessaiy] 

For the West Beyn drainage, the Chief Engineer proposes four 110 
feet grrders = 404 feet clear waterway at the West Beyn itself, and 
320 feet at the Chatar Singh and Hamfra, oi 724 feet altogether, instead 
of 439 feet as before, which would pass nearly 50,000 cubic feet of diain- 
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age per apcoiid For the 1000 lineal feet of flood opening, wbieh I pro- 
posed in addition to the above, the Chief Engineei pioposas two flood 
gaps similar to the above In the case of the "West Beyn, the calcula- 
tions show that the above length of viaduct is actually reqiiiied for the 
ram discbaige, so that it would not be a tempoiaiy expedient (like the 
other gaps) even if the rivei spill is hereafter shut out If, theiefore, 
the time will admit of it, n viaduct of the above length should be added 
as proposed foi the East Beyn , if not, I would accept the Chief En- 
gineer’s proposals for gaps similar to the others, at auy rate for the 
present, the two gaps pioposed ginng 1,419 lineal feet 

The above will give the full amount of waterway as calculated by 
Major Forbes, which I was at first disposed to accept , but after full con- 
sideration, as III the case of the East Beyn, I think it right to recom- 
mend some addition The ease of the West Beyn is so far more favourable 
that this budge is 10 oi 12 miles fuither fiom the hills than that over 
the East Beyn , but, on the other hand, its catcliment basin is more 
compact, and it is liable to have an increase over that due to a maximum 
rainfall by some spill from the Beas in its upper poition, and beaiing 
that in mind I am not inclined to reduce the value of the ooefScient in 
the Dickens’ formula below that for the East Beyn This would give a 
discharge of 107,250 cubic feet, or some 26,000 in excess of Major 
Foibes’ calculations, and an addition of some 400 feet to the length of 
viaduct lequired, oi double that length of flood opening Unfortunately, 
this cannot, however, be given in the flood gaps, as theie is no room, and it 
will be necessary, theiefore, to complete at least the above length of regular 
viaduct, 1 e , 400 feet out of the 1,000 feet shown to be leqnired as above 
With reference to this additional waterway which I have asked for in 
the case of both the East and West Beyn, I may state that I sent the 
printed Notes on the above subject to General Sit A Taylor for his opimon 
previous to his departuie from India, end that he fully supported my view 
not to reduce the full value of the Dickens’ coufflcient over the whole 
drainage area, as we had no proof that the last year’s flood was a maximum 
It appears, however, on enquiry from the Chief Eugineer, that he will 
not bo able to complete the full amount I have asked for duiing the 
present season, there will be just enough girders available to complete 
half the extra quantity m edhei case, and as Major Forbes thinks I have 
given a super-abundanoe, and his opimon is doubtless entitled to great 
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weight, I should piopose lo oomproniise om difference to this extent, 
and will ask the Chief Engineei to estimate accoidingly 

The additional 200 feet thus leqniied for the West Beyn can be given by 
14 of the girder openings as proposed by Chief Engineei for the East Beyn, 
and can be added on each side of the two gaps with floorings aiianged on 
the same punciple of constiiiction as already discussed and appiovedin 
the case of the small lail giideis, but with some extension on the dowii- 
stieam side 

The Chief Engineer has given his leasons in the Memo attached for 
throwing the Chatai Singh and Hamira bridges into one This renders 
it all the moie imperative that the corresponding causeways in the tumk 
roao should be sloped down as already recommended, and I trust that 
immediate ordeis on this point will at once be given by the Punjab 
Government 

The total wateiway to be thus provided in the East Beas Valley will 
thus be— 

Lin feet 


Pattnohak, 109 

Mandorah, 110 

EambowAl 220 

Bauildi nallah, 220 

„ river, 803 

West Beyn, 404 


Chatar Singh and Hamira, 820 

14 teet giidei openings flanking the two gaps, 196 

1,882 

Besides the following flood gaps to be spanned by rail girders — 

Lin lent 


No 1 (beginning on west side), 2,970 

„ 2 „ „ 1,089 

II )i 11 i,as3 

II i >1 II 627 

II 6 ,, I, 792 


6 831 

Nos 1, 2 and 3 gaps would not (as explained in my formei Note) be le- 
quiied if we could be ceitain that the rivei spill would be shut out by the 
pioposed embankment, and work on these thiee gaps should be postponed 
until it is clearly asoeitained what we can depend upon in this respect, 
•which I hope will be settled m a few days 
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With regard to Nos 4 and 5 gaps, the case is diffeient , they niUBt be 
made in any case, as there is a cleai deficiency of watei way foi the West 
Beyn diainnge iirespective of the iiier spill, and they aie only now pio- 
posed as moie economical than oidinary giidei openings on higher piers, 
and because the moie expensive woik cannot be completed within the 
limited time at disposal 

East Btyn 

I now pass on to the East Beyn Valley, the proposals as to which have 
also been accepted by the Chief Engineer The budge over the mam 
channel will, as leoommcndcd, compiisa two openings of 136 feet, and two 
of 110 feet This will be flanked by thiee giidei openings of 30 feet on 
each side, and these, with the small separate budges in the same valley, 
will complete the waterway as estimated by Majoi Foibes and sanctioned 
by Government 

But, as explained in my foimei Note, I do not considei that sufficient 
provision will thus be made I asked for 800 feet moie of flood openings 
in addition to the above, bat, for the reasons stated alieady in page 388, 
shall be satisfied if half that quantity is now given, and this, I tiust. 
Will bo sanctioned 

A leoent visit to the scene and further considei ation of the violent 
character of the late flood, and of a furthei soaioa of danger in the tor- 
tuous couise of the channel just above the budge, by which I have no 
doubt the watei is heaped up and spilled over the bank, convinces me that 
it will only be prudent to add to the flood openings already provided, and 
Air Stone, agreeing with me, proposes to add 28 of the 16 feet glider 
openings, giving nearly 400 feet clear watei way, similar to the 14 open- 
ings above proposed for the West Beyn These, like the otheis, will be 
on masonry pieis, with flooring and drop walls 

The Engineer Department deserves ciedit for the satisfactory piogress 
that has alieady been made with the work in both valleys , the only delay 
that IS likely to occur is the non-arrival m time of the girders fiom Eng- 
land, but Ml Stone will, I know, duly consider all ariangements that 
may ui that case have to be made foi temporary emergencies 

1 have explained to the Chief Engineer, who, I believe, agiees wifcb me, 
that I considei the gaps as indispensably necessary to tbs safety of the 
large budges, and that if theie is not time to bridge them as pioposed, 
temporary piers must be provided, and no portion of them filled up 
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Copy of this Note will now go to Chief Engineer, with a request that 
the woik may be pioceeded with as herein laid down, estimates being 
submitted as soon as possible 

Also that the sections received fiom him and now returned may be ooi- 
TPcted accordingly, and re-subniitted foi the mfoimation of Government, 
to whom copy of this Note, when punted, will also be sent 

M>ie on the Indus Floods, with reference to the Indus Valley State Rail- 
way By Major J G Porbbs, R E 

Dated Lahore, 20th Feiruaj y W9 

The absence of sufiBcient reliable data makes it a peculiarly difficult 
matter to offer any opinion on the best method of dealing with the 
floids of the Indus The facts, however, mentioned in the Elood Re- 
ports of 1875 and 1876, together with those noted during the flood of 
1878, snow that on the left bank of the river, between the confluence 
of the Chenab and the narrow pass at Bbakkar, there are fo ir mam or 
primary spills which cross the Railway near Nausbabra, Mirpur, Qhotkv 
and S ingi On a map showing the original surveys made for the Rail- 
way, 15 or 18 years ago, these foui spills are distinctly maiked, thus 
denoting they are not casual, or secondary, spills like those mentioned 
in next paragraph , but that tneir positions may he looked upon as com- 
pai ativehj fixed, and not liable to any very sudden alteration 

Besides these four mam spills, the Indus, like other rivers, floods over 
its banka, sometimes in one spot and sometimes in another, according 
to the set of the stream, and attacks the Railway at uncertain places 
between Kot Samaba and Bohn, along the whole of which distance (120 
miles) the line is earned through the flooded tiact 

Taking up tlie Index Map of the Indus Valley State Railway, we can 
see that from Mithankob to about 20 miles above Kusmore the country 
through which the Indus flows must have a steadv fall fiom the hills to 
the Bahawalpur desert, as this is clearly evidenced by the trend of the 
hill streams, which flow perpendicularly towaids the river on the right 
bank, and by the absence of inundation canals on that bank between 
Mithankot and Kusmore That this slope is continued on the left 
bank is also shown by the course of the Bahawalpur canals, which, 
following the natural slope of the coiratiy, run roughly perpendicular 
to the stream of the river When the Indus arnves at a short distance 
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above Kuamore, it can be seen that the slope m the country at once 
obangea Instead of running down direct at right angles from one side 
only of the iiver, it spreads out diagonally on loth sides like a fan, which 
18 slightly squeezed on the right, but more opened out on the left This 
then would lead us to expect that while the flood between Mithankot 
and Kusmore would come more directly on to the Eailway, the number 
of primaiy spills would probably be less than from Kusmore downwards 
This conclusion is borne out by the fact that m the upper poition there 
IS only one main spill, m« , at Naushabra , whereas m the lower portion 
of the river to Sukkur, which is about the same length as the upper, 
there are five, viz , two on the right bank at Kusmore and Began, and 
three on the left, at Mirpur, Ghotki and Sangi 

The construction of any long line of embankment will at once alter 
existing conditions The practical ofleot of long embankments is to 
raise the high watei mark, and to slightly increase the caving of banks ,* 
thus inducing larger floods, not only at the primary and secondary 
points, but also the formation of spills at places not previously attaclied 

An embankment has wilhm the last few years been made for a length 
of 41 miles along the left hank of the Chenab, from the junction of the 
Sutlej to the confluence of the foimer river with the Indus This em- 
bankment effectually protects the ground behind it , and also probably 
conduced last year to prevent the floods as formerly, attacking the 
Eailway above Kot Samaba It is proposed to extend the embanliment 
still further down the Indus, but it this is done, the increased volume, 
which IS now expended m spill, will undoubtedly cause the river, winch 
already has a great tendency to do so, from being above thenatural level 
of the ground, to bu”8t through its banks lower down in a greater 
number of spots, and with much more force than it now does As it is 
utterly impracticable to construct continuous hues of embankments 
along the whole length of the Indus from Mithankot to the sea, it is 
evident that any extension of the Bahawalpur embankment will only 
save a small portion of country at the expense of a much larger area 
lower down , and that the more the embankment is extended, m a 

• Soa iHlgd 17 ol Boport dated 18th January 1876 qf Oommladon ot Unelneera appointed to In 
Teetlgatq and report on a plan for the leolnmatlon ot the bneln of the lIlBalaeippi river siihjcot to 
inurdatlon This Commtaion was composed of Moioi Genoial Warren V 3 E , praaident Briga- 
dier Concral Abbot U B E Major Bonyaurd, IT S E,andM6sar8 Blokele and Hdbert, Membeta 
TbeBeportwnssubmittedtbioPgliBrigiiaiei General ITomphtoye, U 8 E , who stated that the view a 
ul the CommlsBloa met with tab full concurrence 
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constantly mci easing ratio will tie country ielow be swamped, especi- 
ally where the change of slope occurs near Kusmore There can, there- 
fore, I think, be no doubt that the Bahawalpur embankment should not 
be extended 

The accompanying table shows the height of flood levels, m 1878, 
along the Eailway, from mile 160 to mile 220 — 


Nearest Station Mile 

Kot Samaba 150 

^aushahra . 160 

170 

Sadikahad .. 180 

184 


li L of flood 
278 60 
273 00 

267 GO 
260 90 

268 40 


Fall per milo 


Average fall Blpermila 







Ahmadwah Canal 



266 30 

S8 1 

[ Probablyaffectedbybaok- 



^ 1 

1 water from lower spill 

Walhar 

190 

26800 

60 


Beti 

200 

24700 

77 



207 

24160 1 

j Level 


Ehairpur 

210 

241 60 1 



Mu pur 

220 

238 00 

36 



Between Kot Samaba and Khairpur the line was breached m numer- 
ous places, especially between miles 154 and 178 , hut the greatest 
strain was from mile 165 to mile 166 A reference to the Blood 
Eeports of 1876 will show that it was at these places also where the 
heavy burst of the upper or Naushahra flood was experienced It will 
be noticed also, in the above table, that where the Ahmadwah Canal 
crosses the Kail way, there is a sudden drop of three feet in the flood 
level, the water on the north side of the canal bank being 268 40, and 
that on the south 255 30 Bor the six miles below the canal the surface 
slope of the flood is only 38 per mile, being probably attected by the 
back water of the secondary spill near Keti, agamst an average of 61, 
for the 34 miles immediately above it, but in the next 10 miles it again 
resumes this normal slope The sudden drop (which was also noticed 
in the flood of 1876, mde para 10 of Executive Engineer, Eeti Eivi- 
sion’s letter No 1277, dated 8th September, 1876) and the alteration 
in, and eventual resumption of, the regular flood slope, shows that the 
canal kept the upper floods entirely distinct from those lower down 
It would therefore apparently be advisable to take advantage of the 
circumstance, and still farther strengthen the hank of the canal, if there 
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13 any fear of its being bleached, bo as complttely to isolate the Nau- 
shabia from the lower floods , especially now that the thorough recon- 
Btruction of the Euamore bund will throw more watei on these spills 
If free exit is given thiough the Kailvvay to the upper floods, they will 
pass off by the old rivei bed, which runs paiallel to the line at a lower 
level, and be ahsoibed in the desert I concui therefore m the re 
cominendation that this portion ot the line should be raised, and the 
waterways increased , but the amount recommended, ms , 85 lineal feet 
per mile, is, I think, inadequate 

I have not sufficient data to show the actual amount dischaiged 
through the Eailway last yeai, or the possible quantity of flood that 
might have to be provided for , but on the Bast Indian Eailn ay, wbeie 
it crosses the Sone fl.oods, which have a discharge of 165,000 cubic 
feet per second on the left bank ot the river, 296 lineal feet (2,871 
supeificial feet) of waterway per mile has been cleat ly proved to be 
insufficient On the light bank, however, where the floods amount to 
06,000 cubic feet per second, a watei way of 153 lineal feet (04,9 super- 
fiual feet) has been found effectually to discharge the spill In the 
former case the average depth ot water is 9 70 feet, and approaches 
with a velocity, due to a fall in the country, of two feet a mfle , in the 
hitter, the depth is 6 20 feet, and the slope about one foot per mfle, 

There is nearly as much uncertainty on the Sone as on the Indus 
where the floods will fiist attack the Eailway The points of attack 
of the primary or mam spills, which are almost invariably marked out 
by local depressions, are known, but floods do not always come down 
these mam spills m force, the seeondaiy spills, which generally m 
floods of any duration find their way into the depressions of the mam 
spills, are often at fiist of as great violence as the mam floods, and rush 
on the Eailway at totally unexpected places As long as the hank is 
not overtopped, and a sufficient aggregate amount of waterway is given 
m the flooded tract, the effect is that the water is ponded up for a 
greatei length of time in local spots, and that greater worlc has to be 
performed hy the flood openings lower down , all of which of course must 
be protected to withstand the extra scour that may be thus induced In 
the Sone floods of 1876, on the Bast Indian Eailway, there were three 
bridges on the left bank of the river, and two on the right, absolutely 
dry In the former high floods of 1864 and 1807, these bridges had dis- 
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charged veiy coiisidenible amounts of water, but, on the other hand, 
waterways whioh bad done no work m the loimer years weie m 1876 
running with a velocity ot 14 feet and upwards 

The conditions of the right spills of the Sone approximate to the up 
per Indus floods, where, however, appaiently the depth and slope are 
somewhat leas, % e , the direct tiansverse slope from the rivei to the 
Eailway is only about 76 per mile Allowing for diflerences, it would 
not be safe to accept less than 120 lineal feet aveiage waterway per 
mile as a minimum on the Indus Valley Eailway between Kot Sama- 
ba and Eeti 

It IS true that m addition to the 85 lineal feet per mile of waterway 
recommended, it is proposed that long paved causeways for the escape 
of heavy floods should be put in, thus evidently showing that more 
waterway is considered necessaiy But this proposal is saddled with 
the proviso that it is only to be done if the causeways “ can be con- 
structed at reasonable cost, and that sites can be found where they 
would act with efficiency ” With all due deference, I submit that the 
construction of these causeways will be interpreted as an open admis- 
sion of the failure of the line as originally projected The Indus Valley 
Eailway was taken along its present alignment with the full knowledge 
that the floods would have to be combated, and I presume that no al- 
teration has been made in the original intention of its being a perma- 
nent and not a siinple fairweather line Putting aside the obvious 
disadvantages, both public and private, which will be entailed by the 
detention of trams, and totally ignoring the comments which will be 
occasioned thereby, it appears to me that once we admit causeways, 
we admit weakness and invite disaster 

The question of expense was, 1 take for granted, fully considered by 
Government when it was determined to lead a lailway through the 
flooded tract, which so palpably might easily have been avoided After 
an expenditure of six millions, the difierence is comparatively so trifling 
between putting m permanent and temporary openings, that I have no 
hesitation in recommending the former, especially as I believe they 
will be found cheaper in the end 

There remains the doubt about the site of these openings In the 
eonolusions of the Committee held at Sukkur on the 23rd November, 
1878, the places where the flood attacks the Eailway between Khairpur 
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and Bohn have been accepted as fixed, judging by the fact that noth- 
ing more is apparently required than, the filling in of holes below 
bridges If the sites m this part of the line, which is more difficult to 
deal with than the upper, can thus be definitely accepted , in the upper 
portion surely there cannot be such an absolute uncertainty as to pre- 
clude permanent openings being built, especially after the experience 
gamed in, at least, three great floods The existence of “ depressions,” 
“great depressions,” “low ground,” Ac , is continually spoken of m the 
reports of different officers as places where the floods came down , in 
some cases the hanks were breached, and m others the water was 
turned off laterally until it found vent m bridges or culverts lower 
down , tbe velocity through which was enormous, 18 or nearly 19 feet 
per second having been measured m one case One certainly of these 
great depressions (the Madd Dhora, m the Ghotki Division) was entire- 
ly embanked across, and the spill which came down it completely shut 
off at the request of the Civil Officers In 1876 the bank was breach- 
ed, and 200 lineal feet of waterway put in, but other marked depres- 
sions may exist which still are embanked or inadequately provided with 
ventage These facts would point to the conclusion that permanent 
Bites can be obtained at once by extending the present flood waterways, 
and opening new ones, if necessary, at the “ Dhunds, ” “ Dhoras, ” 
and other well known localities where floods constantly come down or 
accumulate 

On the grounds above stated, I am of opinion that in lieu of 85 lineal 
feet waterway per mile, plus temporary flood gaps, it will be better at 
once to put in permanent waterways, aggregating at least 120 lineal 
feet per mile, not scatteied about m small and danger provoking vents, 
but concentrated as much as possible in effectually large flood passages 

"With reference to the lower part of the line, the effect of a piacti- 
cally continuous bund from Kusmore to Sukkur must be to raise the 
flood level, induce fresh sets, and increase the spill on the left bank 
This of course could be counteracted by a parallel embankment, but 
tbe danger attendant to Sukkur and the villages below, as well as to 
the Railway between Sukkur and Larkana, would put this project out 
of the question As it is, the Eusmore bund may appreciably increase 

the afflux already existing m high floods at the narrow pass at Sukkur 
This amount of inorease is easily capable of. calculation, but tbe data 
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to detei mine it have not, aa far as I am aware, been collected yet In 
a similar case on the Ganges near Eampur Bauleali, wliieh was most 
carefully worked out two years ago (by Mr A J Hughes, Executive 
Engineer, Irrigation Branch, Bengal) on extensive and very accurate 
surveys and levels, it vvas found, I think (I have not my notes to refer 
to) that the effect of an embankment 80 or 00 miles in length along 
one side of the river to shut out a spill of upwards of 200,000 cubic 
feet per second would probably be to raise the height of the flood two 
feet at the lower end of the embankment Taking this as an appioxi- 
mate guide, and allowing roughly for the difference in the slopes, and 
number of curvatures, also for the lesser spill and length of embanlc- 
ment, it certainly would not be safe to accept less than one foot as the 
increased height of a maximum flood wave below Ghotki, and an in- 
crease of some inches in the afflux at the pass To mitigate the effect 
of this possible increase then, the spill must be passed off thiough the 
Eailway as quickly as possible , and if this is done effectually, I see no 
reason why the afflux at Sukkur should not remain unaltered 

Eefernng back to the table shown in page 393, it will be seen that 
from mile 190 to mite 200 the flood surface is still 60 per mile, or the 
same as m the 34i miles above the Ahmsdwah, but in the next seven 
miles it is suddenly increased to 77 , it then remains perfectly level for 
three miles to Khairpur, and m the next 10 miles to Mirpur the slope 
is only 36 per mile The section does not extend below this point 

The cause of the surface level being horizontal has been ascribed to 
the large amount of cultivation near Khairpur, but this can scarcely 
account for it, nor does it afford a bey to the reason why the slope 
should be suddenly increased from Eeti to near Khairpur, and again 
very materially reduced below An easier explanation will possibly be 
found if we remember that just above Eeti the junction takes place 
between the perpendicular and diagonal slopes from the river , near 
Khairpur the Eailway begins to curve round, and for the three miles 
where the flood surface is level, is probably nearly parallel to the edge 
of the fan which spreads out from its apex above Kusmore, from 
Khairpur to Mirpur the line piobably does not follow the ciroumfeience, 
but 13 slightly inclined upwards to it, hence the alteration in the flood 
levels 

This, combined with ttie fact that at Beti the distinctive flood tract 
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18 entered on boats (used to ply fiomEeti to Siikturover the inundated 
ground), and that it is beie that the large and well defined “ Dhunda ” 
commence to be moie marked, would signity that any alteration m the 
regimen of the iiver neai Kusmore (especially noting the bend due 
south of Kusmoiefrom which a piimary spill occuts) will be peculiaily 
felt below Eeti and near Miipur 

At piesent the average amount of waterway allowed between Eeti 
and Sukkur is 190 lineal feet pei mile In the section between Eeti 
and Sarhad, fiom mile 200 to mile 230, 1 would strongly advocate a 
further extension so as to bring up the amount to at hast 260 lineal 
feet per mile, as much as possible m large flood openings, notably in 
the vicinity of Mirpur Between Sarhad and Eohri, oi from mile 230 
to mile 270, we know theie are at present two mam spills, besides 
many secondary ones, the numbers and efl'ect of which will in time be 
inci eased by the action of the Kusmore bund Taking this into account, 
as well as the present ineffleiency of the ventage given, it is evident that 
the waterways in this section must also he mateiially inci eased Pro- 
bably they will have to be brought up to a mimmum of 800 lineal feet 
per mile — an amount which is not sufficient to pass off the left Sone 
floods (page 391) without a considerable heading up Besides the large 
opening which will be required for the Gbotki spill (unless there is any 
fear of the river breaking acioss the line there), a veiy large increase 
will have to be made at Sangi , judging from the fact that the waterway 
already existing theie was evidently greatly too small foi the flood of 
last year, as below every one of the five large bridges near the station, 
enormous boles extending to 40 and 50 feet in depth were formed 
It will be seep that the total amount of waterway that probably is 
required, at present in the 120 miles of flooded country through which 
the Indus Talley Eailwny is taken on the left bank of the river, is 
26,600 lineal feet, or very nearly 6 miles, viz — 

Feet 

From Kot aamnba to Reti, 60 miles, @120 feet per mile, 0 000 

„ Eeti to Sarhad, 30 „ „ 260 „ „ 7,600 

„ Saihad to Kohii, 40 „ „ 300 „ „ 12,000 

Total, 120 26,600 

or about 4 pet cent of ventage on the length of line between Kot 
Samaba and Eohii—an amount which cannot be considered excessive 
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under existing conditions Whetlier this anioiint will eventually he 
considered sutacieut, time alone will show The allowance proposed is 
admittedly empiucal, hut it is founded on the East Indian Railway 
evpeuence of 20 yeais, duiing which peiiod thiee maximum floods 
have oecuried m the Sone, attaiking the hue m a length of 26 milcH 
Whatever is done now on the Indus Valley Railway must to a ceitam 
extent be tentative The total amount of wateiway now provided bo- 
tween Kot Simaba and SukUur is about 16,000 lineal feet, winch was 
lecommeuded by the Sukkur Conference to be increased to l7,700 
lineal feet, supplemented by flood causeways between Kot Samaba and 
Khan pur 

Coming now to the question of the Kasimpur bund, I would certainly 
deprecate its extension to Pano Akil, unless there is any immediate fear 
of the Indus, as I see noted m one of the reports, deserting its course 
for the Nana Taking into consideration the extra rise which may 
be expected in the floods, and the danger of permitting this rise to 
affect the river at Sukkur, it would be inexpedient to prolong the bund, 
and thus tend to aggiavate, although, peilmps, only to a slight extent, 
the afflux alieacly existing The best method of meeting the difficulty 
would be, as already suggested, by opening out sufficiently large water- 
ways higher up m the Railway, in order to pass off the extra spill that 
may be induced by the Kusmoie bund, in addition to the extraordinary- 
floods which now come down the river If the floorings of the flood 
openings m the Railway are kept up to a proper level and efficientlv 
protected, I see no reason to apprehend their being turned luto ducts 
for a permanent change of the river These openings will only come 
into play when the river uses to a ceitain height, and will cease to act 
when the flood falls below the river banks , and as long as the floorings 
and their protection exist, there can be no fear of the channel scouring 
back to the main stieam, especially if the slope from the river to the 
level of the floonng is made less than that of the longitudinal flood 
surface down the liver 

On the right bank of tbe Indus, the chief point of danger appears 
to be in the 10 miles of line, from mile 400 to mile 410 between Bhau 
and Sehwnn, svbeie the Kusmoie and Began spills, added to by tbe 
Jalli spill below Sukkur, unite with the Cutcheehill tiact torrents, and 
after filling and overflowing the Manchur Lake burst across the Bail- 
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VI ay in enormous force Outspills from the Kustnore and Began 
floods, also combining with the Jalli spill, encroach on the Eailway 
below Euk 

The Easmore bund will now keep out the two formei floods, and an 
extensiou of the Jalli bund would apparently keep out the latter , but 
on this point I cannot venture to ofier an opinion, as I did not have 
an oppoitunity of meeting the Superintending Engineer for Irriga- 
tion in Scinde, in whose charge aie the embankments , and in the 
ahaenca of local knowledge and information, it is impossible to say 
whether it would be advisable to extend the bund If it was done, 
however, there would remain only the floods due to the hill streams and 
the overfliow of the Manohnr Lake to be provided for Anyhow be- 
tween Bhan andSehwau it would be expedient to allow the full amount 
of waterway indicated as necessary by the flood of last year, and to 
raise the line at and below Euk 


Offioial Inspeohon op tiie Indus Valley Eailway, Uppeu and 
Lower Sbotioks 


Note hj Ool J Q Medley E E , om the Inspection of the Indus Vallejo 
Slate Eailway from MooUan to Bohn 

Dated Lahore, 12th April ISIS 

I have just inspected the above line as directed by Qoveinment, and 
the following lemaiks lefei seriatim to the headings mdicated in Section 
I of the Buies foi the Inspection of Eailways 

I Banls — The line is almost entuely in bank, varying up to 15 
feet in height Tlie soil is thiougbout of a light sandy clay, occasion- 
ally of pure sand, and the banks aie well consolidated, and not liable to 
slip The width of formation siuface is 19 feet, the side slopes* gener- 
ally 2 to 1 At oertain poitions of the hne the slope was certainly 
steepei, whicli the Bngineei-in-Chief explained was owing to the hank 
not having settled down as much as had been expected 

■Where tho line passes thiough the heavily flooded country, the side 
slopes have been protected foi some distance up by layers of biushwood 
pegged down In othei places, the tamarisk (fariali) hushes have giown 
* Tlirougnoat tho aoodod tracto in the ehotkl and Roci UlvlslonB th® nopefl arO 3 to 1 
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well Where the reli soil predominates, as in many paits of the line, 
the slopes are bare When the direisions lately made in the Shujabad 
Division are closed, the eaith used to complete the mam bank should be 
punned, if the line is to be immediately opened 

Cuttings — Theie is a small amount of cutting through sand hills 
wheie the line passes thiongh the deseit (mile 160) Dead hedges have 
been made heie along the meat to pi event the sand blowing down , pos- 
sibly mud walling may be found useful heio as in the deseit road between 
Jhang and Deia Ismail Khan Theie aie also two lock cuttings close to 
fiohri, one of which, however, will be avoided by a new alignment now 
in piog ess The other cutting stands nearly vertical, and is not likely 
to give any tiouble 

II Curues — The only sharp curves on the line are those at the cut- 
tings just mentioned, of which one, as alieady remarked, will shoitly be 
dispensed with The othei (COO feet radius) is certainly shaipei than is 
desirable, especially as it is on a gradient of I in 100 It was oiiginally 
laid out foi tbo metre gauge line, and will not be on the mam line when 
the Indus bridge is built , but as that may not be foi many years to come, 
I should recommend the improvement of this curve if possible If not, 
the wheel base of all carriages travelling on it should be limited to H 
feet, my own cainage had 13 feet wheel base, and got round with diffi- 
culty The type drawings of carriage stock for this line give a wheel 
base of 14 feet, which is certainly not safe on this curve , and there is 
another cuive on the Sukkut river branch which has only a radius of 
755 feet The Engmeer-iu-Ohief proposes, I believe, a special form of 
engine with bogies or sliding axles, to work this portion as a branch fiotn 
the engine changing station where it diverges fiom the mam Ime 

All the other cnives on the line are good, the diversions having not 
less than 1 ,000 feet ladius 

Gradients —The only heavy gradients aie the ones above-mentioned 
(on the river side branch) of 1 m 100, which are only objectionable as 
being on a curve, and will necessitate full break power being always 
available, and a limitation of rate of speed downwards to 10 miles per 
hour 

The othei exceptional gradients aie 1 in 200 on the approaches to the 
Sutlej bridge, which is, however, not yet completed, and a few short ones 
of sirailai grade on appionclies to some of the arched budges 
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III P&manent way — Tho peimaneut way consists of a 60 lb flat- 
bottomed iron rail seemed by dog-spibcsm the usual mannei to transieiso 
wooden sleepeis, laid 3 feet apait (fiom centie to centie) except at the 
■)Oint8 where they aie 2 feet The rails ire hshed at the joints m the 
oidmaiy mannei, and the ends seemed by either fang bolts oi coach 
SCI ews 

Pails — The rails appeal io rat genei ally oi good quality, but several 
instances weio pointed out to me of rugged or biolcen edges , and the 
Lagineei-iii'Gluof informs me he his made a special repoit on the infei- 
loiity of those supplied by the Biimiiigham lion Works Company 

5/«cp«s —The sleepeis aio paitly ot deodar and paitly of English 
creosoted pme The lattei are 9' X 9" X 5" , the foiuiei aio about 6 
inches longer, and of the same section, of the deodai sleepeis, the great 
majoiity appeals sound, good timbeis, but I also noticed a certain num- 
bci which are decidedly infoiior, full of knots and shakes These, the 
Chief Engineei informs me, were chiefly cut from a qu iiitity of timber 
winch was taken ovei by oidei of Government from stocks in tlie hands 
of the Public Woilcs Depaitment at Naiishnhia and Moolton 

The English creosoted sleepers looked to me sound and good , the 
only objections to them are, that they cost about 25 per cent move than 
tlie deodar sleepeis, and that unless coveied, they are very apt to catch 
file by any dioppiug ember fiom a tiam 1 myself saw two oi thiee 
instances of this 

Ballast — The line is at present veiy impeifectly ballasted , on a slioit 
poition only is the ballast laid to the full standaid section , on other 
poitions it IS paitially or uholly absent I do not myself see any ob- 
jection to the sleepeis being laid on the foimalioii smfaoe without any 
ballast, or at least on a layer of sand as a tempoiary air ingementiii such 
a dry climate as this, piovided that the suiface ballasting be completed, 
but a thin layei on the surface, and for a width well char of the ends oi 
the sleepers, I look upon as indispensable, otherwise the rising dust will 
be an jnsufFerable nuisance to passengers in tho tiain, will damage the 
worlung paits of the engines, and may lead to nooidentE, in a long train 
from the impossibility of the Dnvei and Guard seeing each othei I 
certainly look upon tho completion of this surface ballasting as veiy ne- 
cessary pnoi to the opening of the lino, if not absolutely indispensable 
The ballast employed is almost eutnely biokeu bnek, paitly hum old 
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iToovwds, but cliiefly burnt on pnipow, except at the lower end, where 
broken stone from Rolm le being laid 

IV Buildings —As to the ‘‘ strengih and quality of the stincturea 
above gionnd,” all the packamasoniy stiuctiires appealed exoellent , I 
have indeed novel seen bettei biickwoik anywheie 

Aaclia buildings — Theie aie, howevu, a conaideiable nutnboi of kaoha 
buildings (chiefly stations) which have already cost a good deal in 
lopaiis, and aie likely, I feai, to cost a good deal moie Owing to the 
pievalenoe of »e/j m the soil, it appeals gencially ill-adapted foi kat-ha 
masoniy, and in pitsenoe of any damp fiom lam oi flood, the kuha 
plastei and exteiioi (at least) of the masoniy lapidly disinteguite, and 
satety of tbo stiuctiires is endangeied * This absoiption of moistuie does 
not appeal to extend above aoeitam height from the ground, and probably 
had the foundations and lowei 4 feet ot these kaoha buildings been con- 
structed m packa, they would have been all light , as it is, it has been found 
necessary to undeipinseveial of them foi a certain height above the flooi, 
and I certainly do not recommend any moie kacha stiuclares on this 
line The Chiet Engmeei mfoims mo that none have been built within 
the last two ycais, except the tcmpoisiy staff quaiteis at Rohii biult on 
top of a hill 

Tho loofing employed is eitliei the packa arched domes which have 
stood well so long as the substructnie is sound, and (in later structures) 

1 flat mud roof on a single layer of square tiles 

It Is a gieat pity that these “ Collett domes,” as I believe they aie 
called, woie not elected on more substantial walling, for they ceitaiiily 
foim a Toiy piotuiesque featuie m a voiy dieaiy coimtiy, and if tho vei- 
andalis had only been widei, would, I thmk, have been exoeedmgly well 
adapted to this countiy and climate 

V Wateiuuags — With regaid to watorwayt onth6line,theieia this 
peculiaiity that with the single exception of the Sutlej theie is, piopeily 
speaking, no diainage channel largei than a small culvert on the whole 
length The budges leqmred aie eithei for the crossing of irrigation 
canals or (and chiefly) for the passage of an unceitam amount of spill 
watei fioin the Indus (and in one tasc fiom ceitain c mals) As a separ- 
ate report will hereafter be submitted on the Sutlej bridge, I refi-iin 

• The old Shnjttbad station ■sshlohwaBbelngtempoiniUjrciiaiicd, loqBdcmiwd aBunaitooatliliJ 
aooo«iit,aud woili was stopped 
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fiom furthei allusion to it heie As to these flood openings, it would 
seem impossible by any theoietical calculation to deteimme beforehand 
what 18 a safe and necessary amount Eepeated observations for several 
yeais, and in some cases failuic, appear to have decided the provision now 
considered necessary, and m the bridges more recently built, a special 
design has been chosen, with a view of being able to fidd to the original 
structure without waste of money 

AicJied hitdges — The oldei budges oi viaducts weie buck aiches of 
10 or 20 feet spans, on buck pieis and abutments founded on a bed of 
concrete 2 feet thick, with inverts between the pieis, and apron walla front 
and leai 8 feet and 18 feet deep The abutments weie finished off with 
retaining walls in the usual manner 

The budges of this class look so good and substantial, that it seems a 
pity they weie not continued thioughout the line 

Qiiderhndges — The later bridges aie 40 feet plate girders on brick 
piers founded on 2 wells sunk 40 feet below the bed, the abutments being 
built exactly like the pieis, so that additional openings may be constructed 
when necessary Tbeio is no flooimg between the piers, but a mass of 
loose brick or stone refuse 10 feet wide and 10 feet deep has been added 
lound each piei In lion of retaining walls, the embankment is support- 
ed by a mass of loose bricks built up in steps, which it is calculated will, 
in case of scour, fall down and check it Should heavy rain occur, I 
fear this loose biickwoik will give trouble, and m a heavy rush through 
the bndge I thins the bricks would be carried away I should myself 
have preferred a revetment of fascines which, in case of scour, would have 
fallen down and slipped forward en masse acting as a mattrass, and in which 
after a yoai or so glass or jungle shrubs would have grown, which they 
cannot do m the bnoks 

The provision of a reserve of broken bricks at each bridge has, I un- 
derstand, beeniecommended by the Chief Engineoi, and should undoubt- 
edly be allowed in time for next floods 

40 feet girders regaid to tiiese gliders, the great majority 

(neaily 200) aro of 40 feet span, constructed by Westwood, Baillie and 
Co , or McLennan and Co Some (60) are, however, 12 metie (= 39 38 
foot) gliders, which were originally made for the metre gauge line, but 
have since been strengthened by an additional plate on the top and bot- 
tom flango They are also only 12 inches in width in lieu of 16 inches 
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as m the 40 feet I caielully tested two spans of each class, the deflec- 
tion and oscillation being noted in each case unde’- tlie weight* of the 
heaviest class ol engine on the line loaded up with fuel and water, the 
lesults being given below The engine was diiven ovei at speed as well 
as being allowed to stand foi 10 minutes with the diiving wheels over 
the centie of the span, in both cases the roooveiy being complete after 
the passage of the engine The deflection of the 12 matie giideis was 
not gieatei than that of the 40 feet ones, but the foimei aie ceitainly 
not BO stiff as the lattei, doubtless owing to then smallei width of flange , 
and I have leeommended the addition of extia diagonal biacing between 
the present bais 

I also examined and tested one of the foiii and six metre spans, and 
a tiough glider of 25 feet, the results being given below It did not 
appear to me necessary to examine and test other bridges, wh oh were the 
exact counterpart of those already inspected 

Testing of hndge girdeis — Results of giidoi testing, Indus Valley 
State Railway bridges — 

Diagiam of engine and tender is given herewith 
Sections of 40 feet and 12 metre girdeis will follow 
Twelve metie giider budge, one mile fiom left bank of Sutlej— Top 
flange strengthened, bottom flange unstiengthened, all others have loth 
flanges stiengthened Deflection -j^" , oscillation -jV' 

Twelve mefcie giider budge over canal close to Khanpiir — Top and bot- 
tom flanges both stiengthened Deflection 1-“,^' , oscillation 

Trough girdei bridge, 25 feet span, between Kbanpur and Kot Samaba 
-Deflection veiy slight, oscillation imperceptible 
Four metre and six metre spans — Deflection very slight , oscillation 
impeieeptible 

Mangsi budge — Nine 40 feet girder spans 
Three 12 melie do 

No 7 span, 40 feet, McLennan and Oo — Deflection i oscillation " 

No 9 span, 40 feet, Westwood, Baillie and Co ■ — Deflection , oscil- 

lation -jV' 

No 10 span, 12 metre — Deflection oscillation 

* Foi a span of 40 feeb and under, this is tho sroatOBt height that in praotiee can he put on the 
bildgo The heading momonte were oaiotnlly workodont toi tiYO caglnoeaswoll, Inordertoaaoer 
tain this 
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Separata cards were affiwdto the top and bottom flanges of both right 
and left gudeis, but the ic'>uUs weie pnctually the same Of the 40 feet 
gliders, theie aio still 72 to be eucted at the lower end of the line (be- 
tween miles 224 and 330), of which about half are nvetted up, and only 
reqime lifting and placing All me on the line, and will be fiiiibhed with- 
in the next tno months 

VI and VII BniJtje paiapcia — Thtie aio no piiapets oi hand lails 
to any budges On the long giulei Tiadncts theie is no loom foi a loot- 
walk cleai of the rails, but a man could easily jump down on to the flat 
heads of the piers to escape a tiam On the long arehed bridges theie 
aio refugees on the abutment piois only 

yill Fixed stniUwes — Platloims (wheie made) and water oolnmna 
are of the standarl dimensions, theie aio no ovei-biidges or tunnels on 
tins section of the line 

IX Bt tJfje platfotms — Theie aie no budge platfoima, except in the 
aidied budges, the inteivals between the cioss slcepeis of the girdei 
budges being loft open Planking and ballast have been pioposed by 
Chief Engraeii, I undeistand, in lieu of the couugated plates piovided in 
the type diawinga The wooden bed plates of the giiJeis are gcneially 
protected from Jiie by a layei of giavel, and the Chief Engineer has 
piomtsed that all will be so 

X Fencing — The line may be said to be piaotically unfenoed, though 
in certain miles a paitially successful attempt has been made to grow a 
double Idkai hedge, it has, howevei, been greatly injmcd by the seveie 
hosts of the past wintei, though it is spionting fiom below 

The line will, I piesmne, be piopeily fenced before long I would not 
prolnbit the opening without fencing, even foi night lunning, piovided all 
the engines aie fninihhed with cow-catchers, but even with these accidents 
might happen , and as, when the floods aie out, the lailway embankment 
would become, if unfoncod, a general place of refuge foi animals to escape 
flora the floods, it is certainly not dasiiable that this iisk should he run 
I think that a piopar wire fence, eithei on wooden oi non standaids, 
should he fixed on the slope above flood maik, though the Chief Eugineei 
piopeses, I believe, a mud wall as a tempoinry measme 

XT Bevel crossiniji — Level ciossings have been fixed in communi- 
cation with the Civil Aiithouties, and appeal to be sufficient in number 
The approaches to them are leady, and geneialy posts and a chain hayo 
406 



73 


been piovided, and the gate-keepeis’ huts bmlt, but some huts aie still 
wanting, and theie aie no gates at piesent elected, though some aie 
made Of couise until the fencing is completed, the mattei is not uigent 

XII Mile posts and gi adient boat ds — Mile-posts have been elected, 
and the miles aie fnither iiumbeied on all the telegraph standaida 

The Chief Engineei pioposes to limit the giadient boaids to all gra- 
dients steepei than 1 in 500, which appears qmto sufficient 

XIII Points and oossmgs — Points and ciossmgs aie according to 
the standaid pattein Sidings aie 2,000 feet long between the takes-off , 
a few aie still wanting m the Ghotki Division, as rails have not been 
available , they are now being laid m 

XIV Blind sidings — Blind sidings where made at stations are ac- 
cording to standard, with fall of 1 in 150 towards the dead end , theso 
will be all completed by 15th June 

XV Signals — The usual Semapboie mam and distant signals have 
been eieoted at all stations, except two oi three at the lower end, wheie 
the woik IS still in piogiess In all those lately erected, the distant 
signals aie worked from the station platfoim close to the mam signal, as 
they should be In the oldei stations at the Mooltan end they aie woiked 
from the points The only objection to the former arrangement is, that 
with such a length of wiie (800 yards) it is apt to get slack, and the 
signal does not work piopeily But with the anangement now common 
by which the slack can be taken np, there seems no difficulty in the 
matter, and I personally ascertained that those lately erected worked 
very well, though in some cases a moie powerful level might be desii- 
able I think the iiile should be enforced everywhere Of course the 
signals remain at ‘danger’ if the wiie bieaks or will not woik. A 
stoutei section of wiie than that now in use is also desirable 

XVI Station platforms — The older stations at the Mooltan end have 
raised platforms with a brick coping, are of full width, 600 feet long, and 
ramped at the ends But they have not yet been metalled , this, I pre- 
sume, will be done Chief Engineer infoims me they have lecently 
been prohibited at all 8rd class stations unless changing stations 

XVII Stations — The piesent state of accommodation available at 
stations 13 as follows 

Crossing the Indus — Boht Bivei Side Station, 281 miles, lias a 
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platform, ticket office and waiting rooms building, and ooveied shed is in 
couise of erection The station is defended fiom tbe iirer by a diy 
stone wbarf wall, which is now (26th March) some distance fiom the 
edge of the deep water channel, and it is proposed to obtain access to 
the steam feriy* (which will be used for tianeit until the budge is built) 
by a piei paitly on piles, defended fiom scour by stone, and partly float- 
ing, foi which purpose four non beiges have been puiohased fiom the 
Bahawalpur State 

Proposals have, I iindeistand, been made for a large steam feny cap- 
able of taking ovei tbe whole or pait of a tiain of carnages to be woiked 
between Suttian island and the opposite shore To cany out this must 
necessarily take time, and, conaideiing the costf of the airangement, it 
may be considered bettei to face tbe constiuction of the budge at once 
In eithei case the pier ariangement will be leqmred foi at least two or 
three years, and will, I think, be all that is required for passengers and 
light goods For heavy goods there will doubtless be some trouble, but 
1 think eatisfaotoiy aiiangementsj will suggest themselves as exper- 
ience IS gamed from the lighter trafGc, and I should ceitainly deprecate 
any proposal to defer thiough-bookmg for any description of tiaffio as 
soon as tho line is completed to Kotri, otherwise, I feel sure, the piesent 
boat traOio will compete successfully with the railway 

Future dmlopment of affic —On the Snkkur side there is no diffi- 
culty at piesent m regaid to the deep watei channel, which is said to be 
permanent at the site of the river side station Tbe buildings here are 
similar to those on the Eohn side, but it is certainly objectionable to 
have the public road alqng the stiand running between tbe rivei bank 
and station Both heie, indeed, and at the Eohn side, there is a gieat 
want of “ elbow room,” and I do not think the Eailway authorities suffi- 
ciently appreciate the absolute necessity which I feel there will be of large 
station yards The bridge cannot be built for yeais, and by the time it 
is built, full use, I am sure, will be found for every foot of ground now 
taken up The older railways have suffered so much from the ciamped 
arrangements that were made owing to want of appreciation of future 

• Tho enmll steftmer now uboS ]o albogothor too omall, ond Is in a veiy bad condition It wiU 
probably bo best to biro ono o( two Bteamero trom tbo Flotilla, and it would be aa well to do this 

t Not only tbo flrst cost, but tho amount of doad weight that will have to be taben uoross 
i I sso no reason n by tho pier sbonld not havo rails laid on It with cranes at tbe pier head 
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tiaffio dovelopraent, that I feel I cannot too strongly insist on the abso- 
lute necessity of making timely provision for future requiiements buoh, 
I am sure, should be made at most of the stations on this line, and 
everything planned with an eye to future extension, as may be found 
neccssaiy 

The Sukkui river side station is connected with the mam Suktur 
station by a deep cutting and sharp curve (775 feet ladiiis) Here the 
buildings and staff quaiters aie m piogiess, but I did not formally 
inspect them I understand that there is a bieak of nearly 20 miles 
in the Larkana Division, which is only waiting for rails that are all on 
the hue, and will be quickly laid Theie is another break at the Laki 
Pass, where the slopes of the heavy cuttings are giving trouble, as I 
expected It is a pity that this poition was not constructed in open 
tunnel at the first 

Choice of right bank — The Goveinment, no doubt, had good and sufii- 
oient reasons foi cariying tlie line down the right instead of the left 
bank, otheiwise it is obvious to lemaik that if a line is ever consti noted 
fiom Hydoiabad to Bombay, either the Indus must be bridged at Ilydei- 
abad, oi another and a competing line must be laid up the left bank to 
Eohri The possibility of a future extension from Sukkiu to Shikaipore 
and through the Bolan Pass to Central Asia was doubtless one reason 
foi piefening the right bank, and it cannot be doubted that whatever the 
engineeiing difficulties, this reason is a veiy strong one 

XYIII Rolling Stool — The following is a list of the rolling stock 
at piasent available on the line — 

Rolling StocTe actually on Indus Valley State Railway between Mooltan 
and Rohn on 2Bth March 1878 


Tank Locomotives, 6 

Temier „ 18 

Coveiod goods, £0 

„ „ for paBsengcrs, M 

„ „ temporary, low sided, . St 

„ „ „ platform, , 66 

Low sided wagons, IdO 

Ballast „ 48 

Goods or ballast brake vans, 3 

First class carnages, t 2 

Inspection „ • . 2 
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Rolling Stock that prdbahly will be on line, Nmthern Section, in May 1878 

Tank Locomotive, 

Tender „ 

„ „ fiom England 

First class carnages, . 

Second „ „ 

Third „ 

Coveied goods, , 

Low aided wagons. 

Ballast „ 

Biake vans, , 

Of these, of course, a ceitaia number will be lequiied for constiuction 
and maintenance, and will not be available foi traffic , these are shown 
in italics 

XIX Cow-catchers — Most of the engines now on the line aie pro- 
vided with cow-catchers, and all will be so fitted 1 consider them 
indispensable, at least tor night innning, on this Ime until it is piopeily 
fenced 

XX Space and ventilation of passengei vehicles — The “ sufficiency 
of space and ventilation in the passengei carnages" is a most impoitant 
pomt on this line, wheie the heat foi six months in the year is so gieat 
that no European would willingly travel except at night Paiikhas and 
the best available cooling apparatus should bo provided foi all fiist class 
carnages, and all carnages should have the fullest allowable height and 
width, and bo provided with double loofs and sun-shades 1 1 egret to 
see that end doois and outside phtfoims have not been provided in the 
standard plans for first class carnages on this line, and I sincerely hope 
this will be alteied in building them The same accommodation can be 
given, and there can be no question, I think, of the snpeiioi comfort of 
the arrongement to the tiaveller who can stand or sit outside and get 
fresh air 

The same jemark applies to the inspection carnages, the only one I 
saw being quite unfit for the purpose 
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Tint d class cai uages — Due auangements should of couiae be made 
against oveiciowdmg iti the thud olass caiuagcs, especially in the hot 
■weathei, when the iiumbei allowed m a carnage should be ledueed fiora 
50 to 40 I cousidei this should be a stamhng oidei of the TiafSo 
Department Watei should of couise be supplied at stations in the 
usual manner, and T lecommend the piactice of running with unlocked 
doQis It IS done on the Punjab Noithcin Railway, wheie it tends 
greatly to the comfoit of the passengeis, who can thus get out diicctly 
the tram stops, instead of being delayed until the doois aio iinlotked one 
by one md the tickets examined The platfoims should all be lailed in, 
and the tickets taken at the exit gate 

XXI TFbi king of bne — The line will be woiked by the line clear 
system in the usual manner, so that two tiains will nevei be on the 
space between two stations at once, except when following under caution 
line deal 

Name boat da — I have omitted to state that name hoaids are requiiod 
at all the stations, which of couise should be supplied 

Watenng auangements — The watei mg airangements at stations aie 
complete, except at one or two places at the lowei end, wheie they will 
shoitly be so 

Water ts 10 to 30 feet below swface, average is 18 feet 20 feet of 
water in all wells Niametei of well 8 /«et— The water is eveiywheie 
raised by the Peisian wheel into non tanks (one to foui units), whence 
the engine takes it by the ciane m the usual manner The watei is said 
to he geneially of fan quality, but tbeio aie ceitain bad stations wheie 
engines will only water on emergency, notably Channigote 

Puel f — Tho/aeZ used is> everywheie wood, chiefly tamaiisk , doubtless 
when the line is open to Kotii, it will be found economical to use Eng- 
lish coal up to a ceitain point vaiy ng with tho puces of wood and coal 
and the late of freight to Knrrachi 

Sutlej h idge — I may now Note the present state of affairs at the 
unfinished Sutlej h idge, which is as follows — 

Of the 16 spans, 8 aio completed, 6 m hand, 3 not begun Bailing 
accidents, the bridge should be finished by 15th June 

• I c ontlie r'atform slflo 

t PreBfintprloQ oEMIb Rs 21 pa lOOmannflB botweai Mooltim and RcU botweai Roti and 
Rndhan Rs 16 pel 100 , between RadhMi and Kotrl Ra 33 per 100 (babul) 
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The liver at present runs favourably, the long piotective spur on the 
left bank having apparently succeeded m airesting the tendency of the 
stieam towaids that side This spui is protected on the nvei face by 
large quantities of buck cubes (one foot sides), whuh aie made at about 
half the cost that stone can be biought down, but which aie infeiioi fiom 
then lowei speciflc giavity and tendency to bieak and be washed awiy 
in detail I believe the one foot cubes at the Chenab have been found 
two mtlea below the budge site, and it may be as well to note this danger 

Tempo! ary budge — iho tempoiaiy lail bank crosses the uver a little 
above the bridge, the deep channel being passed by a pile budge 700 feet 
long, which ajipears well and solidly built, and which is carefully watched 
Mr Bell hopes to maintain this until the opening of the budge, but it 
is of course liable to intenuption at any time 

C} osetng the Sutlej — The carnages aie pushed across the tempoiaiy 
bridge by the engine fiom one side, and then pulled on by the engine on 
the othei, wheie they aie diagged up the diversion and backed on to the 
mainline All this, of oouise, causes a oei tain amount of delay, and 
consideung the possibility of mteiiuption to the temporal y pile bridge, 
and the impoitance of the eneigiea of the staff not being diveited m any 
way from the rapid completion of the main stiuotuie befoie the floods, I 
do not recommend this portion of the line being opened foi traffic until 
the bridge is finished 

I shall of comse comment further on the bridge itself when I inspect 
it aftei completion 

Concluding lemaths and 7 ecomniendahons — Having now, I think, gone 
through all the points noted by Government as specially leqmring con- 
sideration, and added such othei notes as hare occurred to me, I may 
sum up by remarking — 

1st — That the section from Mooltau to Adamwahan is now ready for 
traffic as far as the way and works are concerned, and there is sufficient 
rolling stock for passenger trafiSo This then might be opened at once, 
with the proviso that as the lino is unfenoed, all engines must be pro- 
vided with cow-catchers 

2nd— The Sutlej bridge will probably be ready by 15th June, by 
which time it is expected that the lemamdei of the 40 feet girdei budges 
will also bo finished , the signals ready at all stations, and additional 
lolling stock provided, sufficient for a modeiate passenger and goods 
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traffic down to Rohri, but 70 miles of the line will still be quite unbal- 
lasted eTon on the suifaoe This cannot be leady in time, as it is neces- 
sary fiist to complete the piotective work round the pieis 

This need not, however, prohibit the opening of the line, but every 
exertion should be used to complete this suilaoe ballasting as fast as 
possible 

3rc2 — Beyond Eohri there is reasonable hope of the line being ready 
foi running down to Kotri by I5th June, but I have not inspected that 
portion 

4t/i — Thiough booking beyond Eoliii cannot take place until the 
pieis and feiry ariaiigcments aie complete, and these should be pushed 
on so as to be leady by the time the line is opened to KoUi 

bth — The advantage of opening by sections so as to tiam the Tiaffic 
stafl it is needless to comment upon 
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TKIAL OF FOURACRES’ PATENT AUTOMATIC 
DREDGER 
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By R B, Buokxet, Esq, Exec Engineer, Eastern Sane Eivmon 


This dredger has now been subject to a carefully conducted trial for ten 
weeks in the Eastern Mam Oanal for the purpose of practically testing 
its powers, both as legards the quantity of woik it can perfoim, and the 
cost at which it can do it A Sub-Orerseer was especially deputed to 
work the diedger, and to record all the facts necessary to lead to a cor- 
rect judgment on the value of the invention 

The particular dredgei used was one principally composed of such 
machmeiy as was available in the Detiiee workshop the actual excavating 
bucket itself, and its immediate fittings, in which the essence of the in- 
vention lies, being, of couise, quite new The diedger was worked by a 
6 horse power portable engine, which drove a ton crab winch, the 
excavating bucket being swung to a portion of an old travelling crane 
The accompanying drawings show the general arrangement of the dredger 
Itself, and the details of the excavating bucket, which had a capacity 
of 16 cubic feet The diedger was accompanied by six mud punts, 
which weie fitted with removal sides, so that the silt could be easily 
soiaped off fiom the decks It was found during the trial that this num- 
ber was just sufficient to keep the dredger in full work when the lead, 
from the dredger to the spot where the silt was thrown into the river, 
did not exceed about half a mile The silt in each punt was levelled off 
and measured before it was discharged into the iiver 

The actual cost of the dredger (some allowance being made for the 
fai^ that the engine and winch were not new) is given by Mr Pouracres 
at Rs 6,111, but it IS estimated that a dredger specially, and of course 
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better, constiucted, of machinery intended for the purpose, and not merely 
adapted, as in this case, would cost almost Ks 8,000 Each mnd pnnt 
cost Es 4,000 The value then of one of Eourncres’ Patent Dredgers, 
with the necessary number (siv) of mud punts, is about Es 32,000 

Ml Eoftracres’ specification describes the action of the Dredgei as fol- 
lows — See Figs 2, 3 and 4 

“ The mam lifting chain, B, is attached to an engine or ciab winch 
with suitable crossed and direct straps and loose pulleys, iLo , or any 
suitable arrangement such that the man, who legulates the machinery, 
can wind up or nnwmch the chain, or bold it stationary at any moment 
he pleases The dredgei is first loweied into the water, in the posi- 
tion shown in Piiys 2 and 3, by unwinding the mam lifting chain, B, 
from the engine while it is being loweied This chain is, of oouise, 
tight, as it bears the whole weight of the bucket, the long wooden spear, 
and of the whole movable pait of the machine The stiain on the main 
lifting chain tends, of couise, to draw the travelling collai, W, upwards 
on spear L This tightens the closing chains, P, the stiam on which, 
acting on the semi-ciiculai angle irons, 0 at E, tends to close the scoops of 
the bucket These scoops are only prevented from closing by the catch 
T, which holds the two scoops together at the top and pi events their 
closing In this manner the bucket descends, the wooden spear C slid- 
ing fieely down m its guides, D and E 

“ When the bucket reaches the bottom, which it generally does with 
somewhat of a blow if the engine be run quickly, the two scoops M are 
pressed upwaids as it were As the strain is thus taken off the catch T, 
It uses by means of the flotation of the ball attached to it, and thus the 
scoops ai0 released and free to close At this period the stops B come 
into action , they prevent the scoops from openmg more than is just suffi- 
cient to release the catch T Immediately the catch T is open, the engine- 
man (or the man who is working the winch) reveises the winch and the mam 
lifting chain begins to ascend At this moment, also, the lever Q is pulled 
over by the rope attached to it, this jams the spear 0 tightly in the 
guide E by means of the cam P The mam lifting chain, as it ascends, 
diaws tho travelling oollni W up the spear L Ae this collar W ascends, 
it (liaws up the closing chains P , these diaw the semi-ciicular angle 
irons 0 towards the sheaves Q, whiok are fixed on the speai L, and the 
scoops of the bucket are gradually closed upon the silt or mud, the spear 
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all this time being held fast in the jib head by the cam, and the jib being 
fixed so that it cannot rise, the bucket is compelled to bite into the soil, 
Fig 4. As soon ns the bucket is closed (and this can bo told easily 
by a mark on the spent to 'which the collai X will descend) the lever G 
IS released, and the whole appaiatus uses to the siiiface As the bucket 
rises above the water, the crane A is revolved until the bucket hangs 
over the mud punt, which is moored alongside the dredger When the 
clutch collar X uses up to the hooks H, the projecting aims push back 
the hooks H, which immediately afterwards, by the action of the coun- 
terbalance weight K, fall back into their old position As soon as the 
winohman sees that the hooks H have caught the arms of the cluteli, 
colhi X, he immediately reverses the winding of the mam lifting chain 
The appaiatus then descends, but as the clutch collar X is caught by 
the hooks H, the rods Y aie placed in tension, the spear and the heaviei 
poition of the dredgei continue to descend, the scoops M are pulled open 
paitly by the weight of the material they themselves contain, paitly by 
the weight of the descending parts which piess with all their weight 
upon the cross-head of the spear L, and thus tend to press open the 
bucket When the scoops aie widely open, the stops S beai on the 
speai L, and the catch T falls of its own account into position, catching 
the other scoop 

“The diedger is now ready for another lift, the slack of the main 
lifting chain is taken up by the engine, and the weight of the apparatus 
is lifted sufficiently to allow the hooks H to be drawn back by the rope 
which is attached to them The wmch or engine is then roveised and 
the bucket descends again as before, 

“ The engine (or winch 'woiked up by the engme) has to be reversed 
thioe times duimg each lift First, after lifting the apparatus from the 
hooks H, it has to be reversed to lower the bucket , secondly, when the 
bucket leaches the bottom, it has to be leversed to lift it , and thirdly, 
when the bucket is over the mud punt, it has to be reversed to empty 
the bucket ” 

The place selected for the trial of the diedger 'was the head of the 
Eastern Main Canal at Baroon , for this length the channel has a base 
of 180 feet narrowed suddenly at the 2bth chain to 80 feet This por- 
tion had silted up to an average depth of 2^ feet, there bemg 1,00,000 
cubic feet m the first 26 chains In some places there was as much as 
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four feet of silt, the water being bo shallow that the float of the bucket 
was occasionally not sufSciently immersed to act , this, and the fact that 
the mud punts often went aground while they weie being loaded, caused 
occasional delay, but the difSculty was eventually oveicome by closing 
the head sluices entirely duiing the night, so that, without incieasing 
the total discharge of the canal, it was possible to raise the level of the 
watei at the head during the day During the first few days the dredger 
was employed on clearing out the lock channel, which was but slightly 
silted up, and then the dredger was put steadily to woik to cleai out a 
channel, about 50 feet broad, as shown by the dotted lines The silt 
excavated was discharged into the river near the island, in such a posi- 
tion that it would be all cleared away thiough the under sluices of the 
weir in the next flood 

The dredger was fiist started (in the nariow look channel) with the 
regulating apparatus designed by Mi Fouracres, who descnbes it as 
follows — “ The dredger boat is secured m position as shown m the plan, 
Ftg 5, by a T strut, the base of which rests on the bank, has two loops 
fixed on it through which iron pins are diiven into the bank, the other 
end of the strut has an eye attached to it which woiks on a pivot fixed 
to the stern of the boat, and thereby enables the boat to move in an arc, 
of which the pivot is the centre To the bow of the boat (the end where 
the excavator works) is attached a piece of quartering, working similarly 
to the strut, vxz , on a pivot, and of a length snffioieiit to enable the bow 
of the boat to be moved to a few feet beyond the half width of the canal 
This piece of quartering is, for convenience sake, marked into divisions 
(four feet in the present case) equal to the size of the excavator when 
fully opened After the excavator has taken its first bite the boat is 
shoved off the distance of one of these divisions, and ready for the ex- 
cavator to descend and take its second bite, and so on until the canal is 
cleared to its half tvidth , if in passing over the first time the dredger 
does not excavate the full depth reqmred, it can be worked m a similar 
manner back again , but if the desired depth is obtained aftei the first 
arc IS tiavelled over, tlie T strut and quartering pieces are moved either 
up or down stream, as may be desired, a distance equal to the breadth of 
the excavator (2 feet 6 inches in this case), and the dredger travels over 
an arc parallel to, and at a distance from, the former equal to the breadth 
of the excavator The moving of the diedger, as above described, 
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IS effected by men placed on the bank with a light two-fold block and a 
2-mch rope attached to it, one end to a leg on the bank, and the other 
to the quarteimg or pole This system entirely dispenses with chains or 
anchois, and has found to answei the purpose admirably The success- 
fnl and economical working of the dredgei greatly depends on having 
good, sharp men to move the dredger backwards and forwards ” 

This airangement, though perhaps suitable in some places, as for in- 
stance if it weie leqmied to tleai out a channel 40 or 50 feet wide near 
the edge of a wide channel where the T strut could be conveniently at- 
tached to the bank, is not good for a wide canal, like the Eastern Mam 
Canal ot 180 feet base, nor is it even applicable for clearing out a chan- 
nel as was done at the trial Indeed, it appeals doubtful whether a well- 
arranged system of anchors is not in all cases preferable, except perhaps 
where there is veiy heavy traffic, for this system has the advantage of 
leaving one side of the onnal entiiely open for boats The T stiut is 
cumbeisome, and three or foni men are required to push m and out of 
the regulating bar This plan of regulating the dredger was then aban- 
doned, as soon as the excavation of the 50-feet channel was commenced 
and the following arrangement was adopted — A small gipsy winch (A 
m Fig 6 ) was fitted on two npiights to the edge of the dredger , a 
small capstan would have been moie suitable, as the regulating chain B 
would not have jammed on a capstan in the same way as t did on the 
winch A man stationed at this winch A was able easily to regulate the 
movements of the dredger, causing it to oscillate in the arc 0, D The 
two anchors attached by |-inch chains to a bollaid on the stern of the 
dredgei kept the point E very nearly stationary , the action of tho cur- 
rent tended, of course, to keep the anchoi chains tight Occasionally, 
as the stream varied, the dredger would perhaps float slightly out of its 
pioper course, in which case the bucket would come up veiy nearly 
empty, but this did not occur very frequently When tho diedger had 
woiked up to the point 0, the anchor chains weie slackened by-about 3 
feet 6 inches (the width of tlie bucket), the wincbman then leversed 
his winch, and gradually brought the dredgei back to the point D , some 
care is necessary m thus regulating the diedger, when it is found that 
the bucket comes up with the silt piled up above the top of the bucket, 
the wiuchman should allow the bucket to take another bite at the same 
spot, or the channel will not be ontiiely cleaned out When the diedger 
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had woiked up to the point D, the anchor chains were again slackened 
by 2^ feet, the gipsy winch was leveised, and the dredger ate her way 
back again to the point 0, and so on continually Occasionally, when 
the anchor chains became long, and the diedgei was peihaps somewhat 
swept off her course by the action of the cunent, oi when the anchor 
chains had been slackened by more than the width of the bucket, a ridge 
of silt would be left , but, as a general rule, the channel was veiy fairly 
cleaned 

Some difSculty was at first found in managing the mud punt in the 
stream , the silt came up generally so dry and bard that it was neces- 
sary to move the punt frequently, so that the silt might be deposited 
all over the punt , in order to regulate the movements of the punts, 
non hooks were fastened about 6 or 8 feet apart all along the side of 
the punt, and small wooden stanchions were fixed at about corresponding 
intervals on the side of the diedger , two ropes were hooked on to the 
mud punt, as occasion might lequiie, and the coolies, by loosening or 
bawling on these, were easily abje to regulate the position of the punt 
Another rope stietohod light across the stream was used, both to keep 
the stern of the mud punt in any rcquiied position, when she protruded 
a long way beyond the nose of the dredger, and thus was not fully under 
the command of the coolies on the dredger, and it was also used as a 
moans by which the empty punt was hauled aoioas the stream to the 
dredger, as soon as the formei one was full Two pair of bullocks towed 
the Ml punts up to the look and brought back the empty one 

The silt excavated varied from pure sand to soft black mud, the 
heavier particles, t e , the sand, were of course deposited neai the head 
sluice , the silt gradually became less and less sandy and more and more 
muddy the farther the diedger worked fiom the sluices One of the 
greatest advantages of this dredger is that it brings up the silt quite diy 
and hard , the greater portion of the silt which has been excavated dur- 
ing the present trial could have been at once cairicd away on coolies’ 
heads in baskets if necessaiy It is also remaikable how little the dred- 
ger stirs up the mud in the canal , it works most cleanly, takmg its bite 
without distmbmg the silt neai it , in this lespect it is much superior to 
other dredgeiB The leather valve in the bucket acted capitally , when- 
ever the bucket came up nt all empty most of the surplus water fell out 
into the onual before the ciane had levolved over jtho mud punt, It 
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was noticed that in the pure sand the bucket frequently came up only 
half full, but that m the mud it frequently biought up as much as 
20 cubic feet, the bucket will not bite fully into hard sand, ns at pie- 
sent constiucted, foi the spear uses even though the level be most 
tightly pressed against it Mr Fouiaoies proposes to attach a rack to 
the spear, so that it will be impossible foi it to slide in the jib-heaci 
The full capacity of the bucket is 16 cubic feet , but on the aveiage 
it only brings up 12 cubic feet each lift, this is due partly to bad 
regulation of the dredger, partly to sand being hard to cut, and partly 
to the fact that if the bed is thoionghly cleaned out it is not always 
possible to give the bucket a full bite Au average of 45^ buckets 
can be lifted per hour, and the average quantity excavated per working 
day has been 3,691 cubic feet The greatest quantity ever done in one 
working day of 9^ hours was 4,647 cubic feet In ten weeks 210,182 
cubic feet have been excavated 

The following establishment was employed in working the dredger and 
regulating the mud punt — 

Labour 


No 

Desoilptlon 

1 

Rato 

Amount! 




RS A 

RS A P 


1 

Driver, . 

4 0 

0 40 

Drmng the engme 

1 

Winchman, . 

4 0 

0 4 0 

Ditto winch 

1 

Eircmon, 

3 0 

0 3 0 

Firing the engine 

1 

Jibman, 

8 0 

0 8 0 

Working the hook and lever of the 

1 

Gipsy winchman, . 

3 6 

0 2 6 

Regulating the dredger 

6 

Coolies, 

2 G 

0 IS 0 

Moving mud punt 

2 

Wood cutters. 

2 6 

0 5 0 

Cutting wood 


Boat, with man]ee, 

Extia allowance. 

6 0 

0 6 0 

0 6 0 

2 IS 6 

Taking off men and firewood to the 
diedger, and cariying tow lopc to 
mud punt 

AUowance of IJ annas per 1,000 feet 
made to men for each 1,000 cubic 
feet m excess of first 2,000 feet 
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The following were the piincipal materials consumed each day — 
Materials 



Kind 

j Weight 

Rate 

j Amount 

Kire wood. 

mds. 


KS A P 

0 2 0 

ns A p 

16 0 

Castor oil, 

lbs 

2 

0 3 2 

0 6 d 

Giease, 


1 

0 3 i 

0 3d 

Juto, 

» 

1 

16 0 

0 16 


Total Materials, 



~T7 


The following estabhehment was kept up for hauling the mud into 
the liver — 


No 

tabour 

1 Hate 1 

1 Amount 

2 

Bnlloeka, 

BS. A. P 

E 0 0 

ES A P 

0 10 0 

2 

Mullahs, 

2 6 0 

0 6 0 

10 

Coolies, 

2 0 0 

1 4 0 

8 

Ditto, 

16 0 

0 12 0 


Total Rs , 


2 16 0 


An accurate daily account was kept of all expenditure, all materials used 
were carefully weighed, the tune taken in loading each baige was taken 
by the Sub-Oveiseer, one of the lascars was appointed to count the num- 
ber of buckets lifted The accompanying Tabulated Statement shows the 
results of the ten weeks’ trial A total quantity of 210,182 oubio feet 
have been excavated and discharged into the river, with an aveiage lead 
of about 1,800 feet, at a cost of Rs 2-4:-8 pei 1,000 cubic feet The 
average cost per 1,000 cubic feet of the silt dehvered into the punt has 
been Eg 1-6-8, and the average cost per 1,000 cubic feet of hauling the 
punts to the river and discharging them has been Re 0-13-7 The cost 
here given is of course only the actual working charges, independent of 
repairs and interest of the ongmal cost of machinery 
The original cost of one of Poui acres’ Patent Dredgers of six 
horse-power, together with sfx mud punts, is about Rs 32,000, alldwing 
15 per cent for interest and depieoiation, and 5 pei cent for repairs 
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The yearly charge for these items amounts to Rs 6,400, oi say Rs 22 
per woiking day, or about Rs 6 per'1,000 cubic feet 
of dicdging by this diedgei is per 1,000 cubic feet — 

Repaiis, interest and depreciation, 

Woiking charges, 

Total Rs , 

The cost of excavating silt fiom this same canal by hand labour, after 
the canal was run diy, was in 1877 Rs 5-8 0 per 1,000, and in 1878 
Rs 6 4-0 per 1,000 The silt was all earned to tbe top of the large 
spoil banks The cost of dealing the canal in this way must, of course, 
yeaily morease, as the spoil banks become larger and larger 

The actual coat of one of an ordinaiy ladder and bnokefc^diedger of 15 
horse-powei is about Rs 63,600, these d ledgers are supposed to exca- 
vate 4,000 cubic feet of silt per hour, but it has been found by the Exec- 
utive Engineer of the Midnapore Canal that, under the most favourable 
circumstances, the actual perfoimanoe does not exceed 2,000 cubic feet 
per hour The woiking expenses of these dredgers in the Midnapore 
Canal amounted, in 1875-76, to Rs 10-12-0 per 1,000 cubic feet, the 
lead was longer by about one-fomth mile than was the case at the trial 
of Foui acres’ Patent Dredgei If one of these dredgers worked under 
the moat favourable ciicumstances, she could excavate about 12,000 cubic 
feet per day, and would requne from 20 to 24 mud punts, costing about 
Rs 80,000 to keep her m full work, making the full cost of dredgei and 
punts Rs 1,84,000 Tabng 15 per cent for interest and depreciation, 
and 6 percent for repairs, the yearly chaige of these items amounts to 
Rs 26,800, or say Rs 90 per working day, or Rs 7 8-0 per 1,000 cubic 
feet The cost of dredging by the otdinaiy ladder and bucket dredger 
per 1,000 cubic feet is — 

aa A p 

Bepairs depreciation and interest, 7 8 0 

Working expenses, . 10 12 0 

Total Rs, 18 4 0 

It IS more than probable that the working expenses of these dredgers 
might be reduced below Rs 10-12-0 per 1,000 under favourable ciroum- 
stanoes , but the diedgers, workmg m the Midnapore Canal, have never 
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worked forl0s>? than that, and latterly have cost Rs 13-11-0 per 1,000 
cubic feet The great weaf upon the links and pins ot the ladder 
and backet diedgei soon causes the chain of buckets to sag down, the 
buckets then foul the edge of the well unless the beam is raised, which, 
of coiiise, reduces the depth to which the diedger can cut , theie is often 
difficulty also m getting the buckets of the ladder diedger to empty them- 
selves if the silt 18 at all stiff Conceining this difficulty, the Executive 
Engineer of Midnapoie Canal (Mr Apjohii) wiites “The sandy silt 
could not be made to come out of hei buckets until they had so far pass- 
ed the vertical that it would not fall into the shoot, consequently we had 
to allow it to fall on the dock, and shoved it into the mud barge along- 
side Of couise, this reduced the dtedging powei to a minimum, and I 
think that 3,000 cubic feet per day, the best that was ever yet got out 
of liei, also the lesistmce of the baid silt, was so great that her level 
geanng was always breaking its teeth in the effects to foioe the buckets 
thiough Altogether, for canal work, I condemn the bucket diedger ’’ 
Fouiaores’ Patent Dredger appeals admuably adapted to excavate 
silt fiom canals One of its greatest advantages foi India is that it can 
be readily constiuetcd fiom machines — a poitable engine, a eiab wmoh, 
and a crane of any kind— that are geneially available on any laige woiks 
in this conntiy It is veiy simple, easily managed by natives, and the 
woikrag parts aie so simple and light, that they can easily be repsiied by 
any intelligent fitter Tlie cost of woiking is much less than that of 
othei diedgeis, and even including the charges foi depreciation, interest 
and repaiis, the cost of the woik done does not largely exceed tliat of 
hand taboiu when the canal is dry Three of these diedgeis m the Patna 
Canal (83^ miles m length) would probably, if kept constantly at woik, 
keep the canal clear of silt, and obviate the necessity of closing the canal 
yeaily for the purpose of cleanng it out It is difficult to exaggerate the 
immense advantage this would be 
Sth Fehmaiy, 1879 
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P S — Since tlie above was wntten Mr Fouraores bas attached to one 
of hia dredgeis the rack refen ed to in page 421 of the leport The rack 
18 attached to the spear of the diedgor, and is so constructed that the 
cam of the lever letains the speai fixed in the jib head while the scoops 
are cutting, the spear therefore cannot use, and the scoops aie compelled 
to take their full bite This ariangement acts well It has been working 
this morning in pure sand The bucket came np neaily full each time, 
whereas without the rack only about half a bucketful was raised The 
diedger now acts capitally in pure sand The rack is so arranged that 
if any very great resistance, such as a large stone or log of limber, be 
met with, the cam jumps out of the rack without damage being done to 
any of the woikmg paits 

Dehuee j R B B 

27th Feb] uary, 1879 ] 
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